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SEISMIC ANALYSIS REPORT
FOR

CUCHILLO NEGRO DAH SITE
SIERRA COUNTY, NEW 11EXIC0

SECTION 1 - INTRODUCTION

1.1 GENERAL

a. Authority. The authority for the preparation of this Seismic
Analysis Report is contained in ER 1110-2-1806, dated 16 May 1983. Subject:
Earthquake Design and Analysis for Corps of Engineers Dams.

b. Purpose and Scope. This report presents the results of seismic
analysis studies for Cuchillo Negro Dam Site. These studies have been
conducted by Tierra Engineering Consultants, Inc. under contract with the
"Albuquerque District, U.S. A1 1y Corps oF Eiigineers. A detaiieW qeoiogicai and
seismological review of all existing data was required to define the maximum
earthquake. The design earthquake forms the basis for estimating grounI
motions felt at the site.

1.2 DESCRIPTION! OF PROJECT

a. Location. The Cuchillo Negro dam site is located in the southeast
quarter, secton 35, Tl2S, R5W, Cuchillo 7.5 minute topographic quadrangle,
Sierra County, New Mlexico, approximately 6.3 miles nortth%.est of Truth or
Consequences, (T or C), (Figure 1). The dam site may be reached via I-2;
north from T or C to state highway 52, west on state highway 52 to
approximately 0.3 miles east of the center of the town of Cuchillo, then
southeast via dirt roads in Cuchillo Negro Creek 2.5 miles to the dam ite.

b. General Project Description. The Rio Grande Floodway vas authorized
by Section 203 of the Flood Control Act of 1948. Cuchillo Dam would be
located on Cuchillo Negro Creek at the Cuchillo site and would retain the lOn
year flood at this site. The dam would form a reservoir about 2.3 miles lonq
with a capacity of 13,500 acre-feet at the spillway crest. The project
consists of a roller compacted concrete section rising 119 feet above the
streambed. The streambed alluvium at the damsite will be excavated to
suitable rock (approximately 36 feet) and the 'ungated outlet works located
approximately in the center of the dam. An earthfill embankment would extend
from the RCC section to high ground on the left abutment. An PCC spillwav
would be located on a small unnamed tributary 800 feet south of the dam.

c. i)am. The earthfill embankment would be a zoned section having a
12-foot crest and IV to 3H sideslopes. Seepage control would be provided by a
semi-impervious core and inspection trench. Slope protection would be
provided by 18-inches and 12-inches of dumped rock upstream and downstream,
respectively.
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Figure 1
Map of New Mexico showing location of
Cuchillo Negro Damn Site
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d. Outlet Works. The outlet works would consist of an intake structure
with trashracks, an outlet conduit I11 feet long and a terminal energy
dissipator. The reinforced concrete intake tower would be approximately 73
feet high.

e. Spillway. An RCC stepped spillway would be located on a small
tributary 800 feet south of the dam on Cuchillo Creek. The structure would
have a crest length of 1100 feet and a height above streambeH of 71 feet. The
upstream face would be vertical and the downstream slope would be comprised of
steps 12 feet wide by 10 feet high. The ogee section, over the entire crest
length, would be constructed of conventional concrete, two feet thick, as
would the vertical faces of the stepped spillway. A small ungated outlet
works with intake tower would be constructed for the spillway structure to
pass low flows from the tributary drainage. The intake tower would be
approximately 50 feet high with trashracks. An 800-foot wide overflow section
would be excavated between the two drainage tributaries to provide access for
the flood flows to reach the spillway structure.

f. Previous Studies. Studies of the Site Geology, construction
materials and embankment design have been conducted by the Corp of Engineers.
The results of these studies are included in the Formulation Plan for Cuchillo
Negro dated 1986.

SECTION 2 - GEOLOGY

2.1 REGIONAL SETTING

The dam site is located along the west side of the Rio Grande rift 4n the
Basin and Range physiographic province at the north end of the Mud Spring
Mountains. The Mud Spring Mountains form the approximate boundary between the
Engle basin to the north-northeast and the Palomas basin to the
south-southwest (Figure 2). The Mlud Spring Mountains, approximately 5.5 miles
long and 1.5 miles wide, are a low, narrow range with a maximum relief of
1,400 feet above the floor of Cuchillo Negro Creek. Cuchillo Negro Creek is
an ephemeral stream whose tributaries in the dam site area generally exhibit
trellis drainage patterns. In the dam site area the valley of ruchillo H'eoro
Creek ranges in width from 2,000 feet to approximately 50 to 75 feet at the
dam site.

The climate of the area is arid hot desert (T'ueler, 1n86). The
vegetation consists of short desert grasses and creosote bush with minor
mesquite trees and yucca. Mueller (19H6) reports a mean annual temperature
for T or C of 59.8 F with temperature extremes of 106 F July 14, 1979 and -5 F
January 11, 1962. The average annual precipitation for the T or C area is
8.77 inches with extremes of 14.64 inches in 1972 and 3.36 inches in 1956.
The record rainfall of 3.16 inches for a 24 hour period occurred on September
14, 1976.
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2.2 Local Geology

The Mud Springs Mountains, a northeast dipping honoclinal structure is
comprised of Precambrian through Pennsylvanian rocks. This
northwest-southwest trending range abuts the Caballo uplift to the southeast
along the northeast-southwest trending Hot Springs fault. This mountain range
may be considered an intra-rift horst block. The block faulting appears tn
have commenced during the Iaramide, + 70 mybp and appears to have been
reactivated less than 10 mybp during Pliocene time as evidenced by deformation
of Miocene sediments exposed in Cuchillo Negro Creek northwest of the north
end of the Mud Spring Mountains. Figure 3 (Maxwell & Oakman, 1986) is a
reconnaissance geologic map of the T or C area showing the regional geology.
The far north end of the Mud Spring Mountains is just now being exposed. by
erosion. The thick sections of Miocene and Pliocene sediments that
unconformably overly the Paleozoic section on the flanks of the Mud Springs
!1ountains were derived primarily from ancestral stream systems of what are now
Cuchillo and Palomas creeks, with headwaters in the Black and Cuch 4 llo ranges.

Figure 4 is a topographic map of the dam site area showinc the location
of the dam (Cuchillo Quad. 7.5 rin. topo map USGS).

Figure 5 is a detailed geologic map of the dam site area (Maxwell and
Oakman, 1986). Table 1, compiled from Maxwell and Oakman (1986) describes the
lithologic units in the Cuchillo Negro dam site area shown on the geologic
map. For a more detailed lithologic description the reader is referred to
Maxwell and Oakman (1986).

TABLF 1

Description of M1ap Units

Qal Alluvium (Holrcene) - unconsolidated sand, silt, and gravel.
Includes some alluvial fan deposits and terrace gravels.
Terrace Gravels (Pleistocene) - four levels of terraces have been
developed on the slopes of the incised valleys.

Qt4 Youngest terrace, 20 - 30 ft above Cuchillo Negro Creek, silt, sand,
gravel.

Qt3 Third terrace, 50 - 70 ft above Cuchillo Negro Creek, soil, sand,
gravel, minor caliche.

Qt2 Second terrace, 90 - 120 ft above creek, soil, sand, gravel, poorly
developed caliche.

Qtl Oldest terrace, 150 - 200 ft above creek, 60 - 80 ft below Cuchillo
pediment surface, caliche 2 - 4 ft thick, little soil or detritus.

Qtp Pediment deposits (Pliocene) - silt, sand, gravel well-developed
soil, developed on Palomas Gravels. Extensive Cuchi:!c srface veryi
well developed on top of pediment surface.

Tpg Palomas Gravel (Pliocene) - light-to-medium-gray lenticular gravel
and sandy gravel interbedded with light-pink, tan and greenish-gray
silt, sand, and conglomeratic sandstone, white sand, and moderate
orange-red to brick-red and moderate green mudstone. Several altered
ash beds near top of unit.

Tsf Santa Fe Group (11iocene) - reddish-pray, pale-brown, and tan,
slightly indurated conglomeratic and sandy mudstone, calcareous
mudstone, and sandstone, in part tuffaceous.
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Pa Aho Formation (Lovier Permian) - dark-red shale and sandstone with
minor lenses of orange-red arkosic sandstone and conglomerate and
purplish-gray nodular calcareous mudstone.

Pb Bursum Formation (Lower Permian) - moderate red, gn and
purplish-gray shale and calcareous shale, minor red sandstone and
gray limestone.

Pm Madera Formation (Pennsylvanian) - upper part light-to-dark-gray
thin-bedded shale, minor greenish-gray and reddish-gray siltstone an"

shale. Middle part thick to massive cherty limestone with thin gray
shale interbeds. Lower part gray, thin-bedded, cherty limestone and
calcarenite, light-gray and green, thin to thick shale beds.

The major faulting in the area commenced in the Laramide and was
reactivated in the Pliocene. The throw on the range bounding faults of the
Mud Springs Mountains can not be calculated as these faults are not exposed.
However, the throw may be estimated in the thousands of feet. Faultinn was
again active during the Pliocene and remained active during the Pleistocene as
evidenced by the faulted Pleistocene river terrace gravel deposits in sections
21 and 28, T12S, R5W, just west of the town of Cuchillo. The writer can not
say with a-,iy . . . .., Ve'rLd iiLy Lhdt thebe faults are not active. There is,
however some evidence for faulting in Recent (Holocene) geologic time, 10,000
years b.p. or younger west and north of the Mud Springs Mountains (Figure 3).
The vertical displacement on these Pleistocene/Holocene faults appears to he
no more than a few feet. The fault traces are indistinct and can only he
inferred or approximately located. It is the writer's opinion that the only
faults in the immediate area of the rMud Springs Mountains with the potential
to be capable faults are the major range bounding faults which are not exposed
and the Hot Springs fault which trends northeast-southwest just east of T or
C. The Hot Springs fault does exhibit Pleistocene movement. There is some
Pleistocene to Recent geologic faulting north and west of the mountains that
tends to support the possibility that these range bounding faults are capable.

SECTION 3 - SEISMOLOGY

3.1 INTRODUCTION

The Cuchillo Negro dam site is in the Rio Grande rift in the NSew !exico
Basin and Range physiographic province. The Rio Grande rift is the most
seismically active area in New Mexico. Most of the seismic activity occurs
between Socorro and Albuquerque, (approximately 200 earthquakes have been
recorded through 1980) and is attributed to the injection of manna at depth in
the central part of the rift (Sanford, Olsen and Jaksha, 1980). The dam site
is about 65 miles south southwest from Socorro and is outside the zone of high
seismic activity.
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3.2 EARTHQUAKE DATA

There have been several studies to estimate the size of an earthquake a
given area can expect. Sanford, et. al., (1972) gave general projections of
the magnitude of earthquakes within the Rio Grande Rift based on both
historical records and on more recent instrument-detected earthquakes.
Krinitzsky and Chang (1975) discuss the effects of distance on the intensity
felt, for an earthquake of a give magnitude. They also discuss the ground
motion produced by a given intensity shock. Bonilla and Buchanan (1970) give
correlations between earthquake magnitude and the length of surface rupture.
Bonilla (1970) gives corelations between earthquake magnitude and maximum
displacement on a main fault. These references have all been used in
developing the discussion which follows.

The nearest recorded earthquake to the dam site had its epicenter 28
miles south, southwest. That earthquake occurred January 31, 1939 and had a
maximum intensity of IV (modified Mercalli) (Stover, Reagor and Algermissen,
1983).

Table 2 is a listing of the earthquakes reported felt in New Mexico prior
to 1962 with maximum intensities (modified Mercalli) of V or greater (modified
from Sanford, Olsen and Jaksha, 1981). The magnitudes for the earthquakes
have been calculated using the proceedure set forth in Krinitzski and Chang
(1975).

Figure 7, modified from Sanford, Olsen and Jaksha (1981) is a map of New
Mexico depicting the data from Table 2. The large circle on the map centered
at the dam site encompasses all the earthquakes within an 85 mile radius of
the dam site, a total of 217 separate events through 1980 (Stover, Peagor and
Algermissen, 1983). The maximum intensity of the epicenters inside the circle
was an VIII (mM), 8 miles southwest of Socorro in 1906.

Figure 8, from Sanford, Olsen and Jaksha (1981), depicts the seismic
events in New Mexico from 1962 through 1977. For a complete listing of all
the recorded seismic events that occurred within New Mexico the reader is
referred to Stover, Reagor and Algermissen (1983).

The May 3, 1887 earthquake with its epicenter located in the area of
Batepito-Bavispe, Sonora, Mexico (Figure 9) represents a far field earthquake
which may be felt at this site. The maximum intensity of this earthquake at
the epicenter was XII (DuBois and Smith, 1980). The destruction of the towns
was total. DuBois and Smith (1980) show a fault scarp 30 miles long resulting
from this earthquake (Figure 9). The throw on the fault was up to 20 feet and
the movement was right lateral. DuBois and Smith (1980) report there is
additional geologic evidence (faults) indicating pre-1887 and post-1887
seismic activity in the region. Therefore the area is seismically active and
the fault capable.

The effect of this earthquake in New Mexico was substantial. DuBois and
Smith (1980) have calculated the maximum local intensity from recorded
accounts of the shock in New Mexico.

E-12



Table 3 lists the maximum intensity (modified Mercalli) for various

locals in New Mexico

TABLE 3

Location Mlaximum Instensity (Wm)

Albuquerque, Bernalillo Co, N11 VI
Cubero Mesa, Cibola Co., NM VII
Deming, Luna Co., NM VIII
Lake Valley, San Juan Co., NM V
Las Cruces, Dona Ana Co., Nil VII
Las Vegas, San Miguel Co., NM II
Mesilla, Dona Ana Co., N11 VI
Organ, Dona Ana Co., NM V
Rio Grande Valley, Nil IV
Sabinal, Socorro Co., Nil IX
San Marcel, Socorro Co., NIM VII
Santa Fe. Santa Fe re., N!!• Y!

Silver City, Grant Co., NM VIII

3.3 DESIGN EARTHQUAKE DEFINITIONS

Design earthquakes define the ground motion at the site of the structure.

a. Maximum Earthquake. The maximum earthquake is defined as the
severest earthquake that is believed to be possible at the site on the basis
of geological and seismological evidence.

b. Capable Fault. A capable fault is a fault that is considered to have

the potential for generating an earthquake.

3.4 MAXIM.UM EARTHQUAKE

The maximum earthquake for the site should be the earthquake that has the
potential to produce the maximum ground motion. The three likely candidates
for the Cuchillo Negro area are:

a. An earthquake along the western front of the Sierra Madres similar to
the San Bernardina Valley, Sonora Mexico earthquake of 1887. This fault runs
from near Douglas Arizona, south, a reported destance in excess of 50
kilometers. The fault is approximately 180 miles from Cuchillo Negro at its
nearest location.

An earthquake originating along the Sierra Madres has the potential of
producing on intensity of VII to VIII (mM) at Cuchillo Negro. Du Bois and
Smith (1980) indicate geologic evidence of pre 1887 and post 1887 seismic
activity in the region therefore the area is seismically active and the fault
is capable.

b. An earthquake originating in the Socorro, area approximately 50 miles
north.

An earthquake originating near Socorro, New Mexico has the potential of
producing an intensity of VII to VIII (mM) at Cuchillo Negro.
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c. A local earthquake originating in the near vicinity of the dam site.
(See Figure 10).

The earthquake potential from a local source was evaluated based on the
previous discussion of the range bounding faults in the vicinity of the Mud
Springs Mountains. While the faults are not exposed and therefore cannot be
evaluated there is some evidence for faulting in recent (Holocene) geologic
time, 10,000 years b.p. or younger west and north of Mud Springs flountains.
This would indicate that the faults are capable.

A review of the fault trace presented as Figure 10 would indicate a
potential fault length of about 20 to 25 miles.

A local fault is therefore capable and may have a fault length of 40 km.
Assuming that 1/2 of the fault length could rupture and using the emperical
relationships developed by Bonilla and Cuchanan (1970) and Bonilla (1970),
which provide correlations between earthquake magnitude and the length of
surface rupture a maximum earthquake of magnitude 6.0 is indicated. This
relates to an intensity of VIII (mM).

3.5 GROUND MOTION

Krinitzsky and Chang (1975) present several graphs showing ground notions
that can be expected, due to wave propogation, from earthquakes of different
intensities and include the effects of distance from the source. fv
particular note is the finding that peak velocities experienced at a site from
near field and far field earthquakes are only slightly different. Peak
accelerations however are substantially reduced from distant earthquakes.

Based on the above discussion, the earthquake likely to produce the
maximum ground motion at the Cuchillo Negro site is the local event. A local
earthquake having a magnitude of 6.0 was therefore selected as the design
earthquake which is also the maximum earthquake.

An earthquake of magnitude 6.0, in the near field, has a 75% likelihood
of a peak ground velocity of about 1.2 ft/sec or less; a peak acceleration of
about 12.5 ft/sec (0.4 G's) or less, and a peak displacement of 0.52 feet or
less. It should be noted that these figures refer to ground motions due to a
shock and not to displacement along a surface rupture.

The intensity and duration of ground shaking are important
characteristics of earthquake ground motion. The intensity of ground shaking
relates to the magnitude of stress and strain induced in the soil; its
duration affects the number of stress cycles to which the soil is subject.
The duration is a function of the energy released, wave frequency, amplitude
and distance from the epicenter. One measure of duration, called "bracketed
duration", is the time during which the acceleration level equals or exceeds
0.05 G's. This threshold is used because of its approximate correspondence
with the strong phase of ground shaking. Relations developed by Bolt (1973)
indicate that for accelerations greater than 0.05 G's and a frequency greater
than 1 hertz, the expected duration for the maximum earthquek would be about
11 seconds.
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Table 2
Earthquakes reported felt in New Mexico prior to 1962
with maximum intensities (modified Mercalli) of V or
greater. Modified from Sanford, Olsen and Jaksha, 1981

Date Origin time Approximate Magni- Maximum
mon/day/year GMT location tude intensity

hr/min/secs latON. long0 W. (Modified
Mercalli)

Apr.28,1868 34.00 107.00 4.6 V
Apr. 1869 34.10 107.00 5.6 VII

1879 34.05 107.00 4.6 V
Jul. 6,1886 34,00 107.05 4.6 V
May 3,1887 22 50 30.81 109.21 8.1 XII
Jul.12,1893 13 30 35.00 106.40 4.6 V
Sep. 7,1893 34.70 106.60 5.6 VII
Oct. 7,1895 34.50 106.70 4.6 V
Oct.31,1895 12 34.05 107.05 5.1 VI

1897 33.95 107.00 5.1 VI
Jan.20,1904 2 10 33.95 107.05 5.1 VI-
Jan.20,1904 9 34.10 107.10 4.6 V
jan.30,1904 12 30 34.10 107.05 4.6 V
Mar. 9,1904 7 30 34.10 107.00 4.6 V
Sep. 6,1904 11 30 34.10 106.95 4.6 V
Jul. 2,1906 10 15 34.15 107.10 5.1 VI
Jul.12,1906 12 15 33.95 106.95 6.1 VII to VIII
Jul.16,1906 19 34.00 106.95 6.1 VIII
Nov.15,1906 12 15 34.05 106.95 6.1 VIII
Jul.18,1913 34.00 107.00 - ?
Dec. 6,1913 0 15 34.10 106.80 - ?
May 28,1918 11 30 35.45 106.10 5.6 VII
Feb. 1,1919 20 30 34.00 107.10 4.6 V
Aug.13,1924 4 23 36.00 104.50 4.6 V
Dec. 3,1930 21 36 35.00 106.40 5.1 V to VI
Feb. 3,1931 23 45 35.10 106.45 4.6 V
Feb. 5,1931 4 48 35.00 106.45 5.1 VI
Jan. 8,1934 1 32 34.05 107.10 4.6 V
May 7,1934 5 22 32.70 108.20 4.6 V
Feb.21,1935 1 25 34.50 106.80 5.1 VI
Feb.21,1935 3 5 34.55 106.80 4.6 V
Dec.18,1935 5 33 34.80 106.80 5.1 V to VI
Dec.19,1935 1 57 34.80 106.85 5.1 V to VI
Sep.17,1938 17 20 33.20 108.60 5.1 VI
Sep.20,1938 5 40 33.25 108.60 4.6 V
Sep.29,1938 23 34 33.25 108.65 4.6 V
Nov. 1,1938 1 26 33.00 108.70 5.1 V to VI
Nov.27,1938 0 13 33.20 108.65 4.6 V
Dec.28,1938 22 7 33.20 108.70 4.6 V
Jun. 4,1939 1 15 33.25 108.75 4.6 V
Aug. 4,1941 7 40 34.15 107.05 4.6 V
Nov. 6,1947 16 50 35.00 106.40 5.1 VI
May 23,1949 7 22 34.60 105.20 5.1 VI
Aug. 3,1952 20 42 36.50 105.00 4.6 V
Aug.17,1952 10 45 35.50 106.20 4.6 V
Oct. 7,1952 9 20 37.00 106.00 4.6 V
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Table 2, cont.

Date Origin time Approximate Magni- Maximum
mon/day/year GMT location tude intensity

hr/min/secs latON. longOW. (Modified
Mercalli)

Nov. 3,1954 20 39 35.10 106.70 4.6 V
Aug. 3,1955 6 39 42.0 37.00 107.30 5.1 VI
Aug.12,1955 16 20 35.70 106.10 4.6 V
Apr.26,1956 3 30 35.10 106.30 4.6 V
Jul.22,1960 15 49 34.30 106.85 4.6 V
Jul.23;1960 14 15 34.35 106.85 5.1 IVI
Jul.24,1960 10 37 34.30 106.80 4.6 V
Jul. 3,1961 7 6 34.10 106.95 5.1 VI
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SECTION 4 - CONCLUSIONS

4.1 GENERAL

The objective of this study was to determine the maximum earthquake.
This has been accomplished by: 1) A study of regional and local geology in
order to identify capable faults and assess the magnitude of events that might
be associated with rupture of these faults. 2) A seismic risk study which
includes historical seismicity as well as geologic data.

4.2 14AXIMUM EARTHQUAKE

Based upon historic and geologic evidence (fault size), the maximum
earthquake that could occur would be felt at the Cuchillo Negro Dam site as an
Intensity VIII or magnitude 6 event, from within the Mud Springs Mountain
Fault Zone. This event could produce peak accelerations of up to 0.4 G's, a
peak ground velocity of up to 1.2 ft/sec and a peak displacement up to 0.5
Fee', w"h a duration of ii seconds.
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PROBABILITY OF THE COMBINED OCCURRENCE OF A SEISMIC EVENT
AND FLOOD RISK-STORAGE

5.1 The probability of an earthquake and flood-storage occurring
simultaneously during the lifetime of a dam depends upon the return periods
(frequency of occurrence) of the earthquake and the flood, the duration of the
floodwater storage, and the expected design life of dam. Combined risk in
this report is defined as the probability of the simultaneous occurrence of an
earthquake and flood storage at least once during the lifetime of the dam.
The following equation developed by Hynes (1978), was used to compute the
combined risk for such an event:

Combined Risk- 1 - 1 -(I.-_--1---) n- KCT J 52T i)

Where: .

T. - Annual return period of an earthquake exceeding magnitude i.
3.

T. - Annual return period of a flood exceeding storage level j.

n - Duration of floodwater storage in weeks.

K - Design lifetime of dam.

5.2 An anticipated life of 100 years was assumed for the project.
Duration of floodwater storage was based on the PMF year flood routing. The
duration of storage, n, used in the calculations was the PMF routing of 84
hours total duration. The SPF routing was only slightly shorter in duration
at 77 hours. The duration of flows over the spillway crest are 33 and 19
hours respectively for the PMF and SPF. The PMF routing was the most
conservative figure and was used for all of the calculations. Flood return
periods of 10, 20, 50 and 100 years were used in the calculations. In order
to present comparative levels of risk, three different earthquake return
periods were used to compute combined risk. The results are summarized in the
table below.
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COMBINED RISK OF SIMULTANEOUS OCCURRENCE
OF FLOOD STORAGE AND EARTHQUAKES

Design Life K - 100 Years

CONDUIT FLOOD RETURN DURATION OF EARTHQUAKE RETURN ASSUMED
INVERT PERIOD T STORAGE PERIOD Ti COMBINED

n n
(NGVD) (YEARS) (WEEKS) (YEARS) RISK PER

100 YEARS.

4681 25 0.5 10 3.84 x 10 -3

4681 50 0.5 10 1.92 x 10

4681 100 0.5 10 9.62 x 10

4681 25 0.5 20 1.92 x 10

4681 50 0.5 20 9.61 x 10 - 4

4681 100 0.5 20 4.81 x 10

4681 25 0.5 50 7.69 x 10

4681 50 0.5 50 3.85 x 10
-4

4681 100 0.5 50 1.92 x 10

4681 25 0.5 100 3.85 X 10

4681 50 0.5 100 1.92 X 10'4

4681 100 0.5 100 9.62 X 105

Reference: Hynes, M.E., "Notes on Joint Occurrence of Earthquakes and
Floods", U.S. Army Corps of Engineers, Waterways Experiment Station,
Vicksburg, Mississippi, March 1978.
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DEPARTMENT OF THE ARMY
WATERWAYS EXPERIMENT STATION, CORPS OF ENGINEERS

P 0 BOX 631

VICKSBURG. MISSISSIPPI 39180-0631

REPLY TO
ATTENTION OF

CEWES-GH-I 8JUL'e7

MEMORANDUM FOR: Commander, U.S. Army Engineer District, Albuquerque, ATTN:

CESWA-ED-TA (Mr. Jim McAdoo), P.O. Box 1580, Albuquerque, NM 87103-1580

SUBJECT: Transmittal of Geophysical Test Results, Cuchillo Negro Dam Site,
New Mexico

1. As requested by Mr. Jim McAdoo of your office, I am sending you the results
from the geophysical investigation conducted at Cuchillo Negro Dam Site,
New Mexico (encl 1).

2. If you have any questions, please contact Mr. T. B. Kean II (FTS 542-2961)

or Mr. J. R. Curro, Jr. (FTS 542-2235), respectively.

FOR THE COMMANDER AND DIRECTOR:

Encl ROBERT W. WHALIN, PhD, PE
Technical Director

YDRA• L ICS GEO TECHNICAL STRUCTURES ENVIRONMENTAL COASTAL ENGINEERING INFORMAT ION

k.ARiPATf(RY LABORATORY LABORATORY LABORATORY RESEARCH CENTER TECHNOLOGY LABORATORY
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GEOPHYSICAL INVESTIGATION AT THE CUCHILLO NEGRO DAM SITE,

NEW MEXICO

Background

1. During the period 25 March through 1 April 1986, personnel from the

Earthquake Engineering and Geophysics Division, Geotechnical Laboratory, U.S.

Army Engineer Waterways Experiment Station, conducted surface seismic refrac-

tion tests in support of the U.S. Army Engineer District, Albuquerque (CESWA),

Cuchillo Negro Dam Site project. The purpose of these tests was to determine

the compression-wave (P-wave) velocities of the in-situ material and the depth

to competent rock in the proposed left abutment area. These data will be used

in conjunction with other geotechnical studies to be performed by the CESWA,

to determine the best location for the left abutment and to develop a

construction excavation plan.

Site Description

2. The site was located in Serra County, New Mexico, along the Cuchillo

Negro Creek near Truth or Consequences, New Mexico. The site was divided into

two areas of investigation. Each of the two areas consisted of a "finger" or

ridge trending away from Cuchillo Creek in a northeasterly direction, as shown

in Figure 1. The materials at the site consisted of bedded limestone with

layers of shale and sandstone of varying thickness and frequency. This system

of limestone, shale, and sandstone is identified as the Santa Fe Formation and

dips 20 to 25 degrees to the northeast. The near-surface material was made up

of cobbles and sandy clay.

Test procedures and surveys conducted

3. Test procedures and data interpretation techniques were performed in

accordance with Appendix B, EM 1110-1-1802, Geophysical Exploration, dated May

1979. In the seismic refraction tests, a seismic signal is generated at or

near the ground surface by a small explosive charge or hammer blow to a steel

plate. This seismic signal is detected by an array of geophones placed at

selected intervals and extending in a straight line on the ground surface away

from the source. The geophone responses were recorded using a 12-channel
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seismograph. The surface seismic refraction tests were performed to determine

the P-wave velocities of the geologic materials at the site and the depths to

interfaces between materials with contrasting velocities. The interpretation

of the data assumes that velocity increases with depth; thus, it is not

possible with a seismic refraction survey to detect velocity inversions, i.e.,

a low velocity layer underlying a higher velocity layer.

4. Twelve surface seismic refraction lines, designated RI through R12,

were run at the site (See Figure 1). Six of the surveys were conducted on

Ridge No. One, and six were conducted on Ridge No. Two. Seismic lines RI, R8,

R9, RI0, Rll, and R12 were 130 ft long and had 10-ft geophone spacings.

Seismic lines R4 and R7 were 325 ft long with 25-ft geophone spacings. Lines

R2, R3, and R5, were 625 ft in length and line R6 was 575 ft long with 25-ft

geophone spacings. The lengths of the lines above are from the source loca-

tion at one end of the line to the source location at the other end.

Test Results

5. The basic data acquired from the forward and reverse traverses of each

line are displayed as conventional P-wave arrival time versus distance (T/D)

plots in Figures 2 through 13 for lines Ri through R12, respectively. The P-

wave velocity of each layer and depths to layer interfaces beneath the source

locations are indicated in the figures under "computed seismic profile."

These velocity and depth data were used to construct P-wave velocity profiles

for seismic lines RI through R3 and Rll and R12, as shown in Figure 14, and

for lines R5, R6, and R8 through R10 which is presented in Figure 15. Lines

R4 and R7 were run perpendicular to the lines in the profiles as shown in

Figure 1, therefore will be discussed separately.

6. Referring to Figure 14, a four-layer profile appeared to exist for

Ridge No. One. The near-surface material exhibited velocities ranging from

940 to 1,300 fps and had a thickness of 1.5 to 3.5 ft. Layer Two had veloci-

ties ranging from 2,000 to 2,240 fps and extended to depths varying between 11

and 24 ft where the third layer began and extended to depths varying from 91

to 118 ft with a velocity range of 4,340 to 6,510 fps. The fourth layer

exhibited a velocity range of 11,250 to 11,660 fps and extended to an undeter-

mined depth. This layer is considered to be competent rock.
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7. For line R4, the data presented in the T/D plot (Figure 5) showed two

velocity layers. The first zone had a velocity of 1,870 fps where the second

layer exhibited a 4,870 fps velocity. These velocities agree well with those

for layers 2 and 3 of the pofile in Figure 14. Since shotholes and 25-ft

geophone spacings were used in the conduct of line R4, the near-surface layers

(940-1,300 fps) in Figure 14 was probably not detected, therefore the depths

presented above may be slightly shallow.

8. Referring to Figure 15, a five-layer velocity profile was interpreted

for Ridge No. Two. The near-surface materials of Zone One had velocities

ranging from 1,170 to 1,450 fps with thicknesses varying from 1.5 to 8.5 ft.

The underlying layer, with velocities ranging from 2,120 to 2,510 fps,

extended to depths between 14 and 17.5 ft. Zone Three, with velocities

ranging from 3,160 to 4,960 fps, extended to depths varying from 32.5 to

69.5 ft. Layer Four exhibited velocities of 7,000 to 7,790 fps and extended

to depths between 112 and 122 ft where the fifth zone was encountered with

velocities ranging between 10,140 to 11,510 fps and extended to an undeter-

mined depth. This latter zone is indicative of competent rock.

9. For line R7, the data in the T/D plot (Figure 8) indicated a three-

layer velocity system. The first layer had a velocity of 2,090 fps and

extended to depths of 6 to 18 ft. The second zone exhibited a 3,190 fps

velocity to depths varying between 34.5 and 38.5 ft where a 7,630 fps zone was

detected to an undetermined depth. These velocities agree well with those for

Zones 2, 3, and 4 of the profile in Figure 15. Since shotholes and 25-ft

geophone spacings were used in the conduct of line R7, it is possible that the

near-surface zone (1,170-1,450 fps) shown in Figure 15 was not detected,

therefore the depths presented above may be slightly shallow.

Conclusions

10. The following conclusions were drawn from the seismic investigation

conducted at the site:

p. Ridge one had a four-layer P-wave velocity profile. The near-
surface zone ranged from 940 to 1,300 fps with thicknesses of
1.5 to 3.5 ft. The second zone had velocities ranging from
2,000 to 2,240 fps and extended to depths ranging between 11
and 24 ft. Zone Three exhibited velocities varying between
4,340 and 6,510 fps and extended to depths of 91 to 118 ft.
The fourth zone of 11,250 to 11,660 fps is indicative of compe-
tent rock and extended to an undetermined depth.
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b. Area Two of this study exhibited a five-layer velocity
profile. The first zone had velocities ranging between 1,170
and 1,450 fps. The thickness of this near-surface material
ranged between 1.5 and 8.5 ft below the ground surface. Zone
Two had velocities of 2,120 to 2,510 fps to depths of 14 to
17.5 ft where Zone Three was encountered with velocities
ranging from 3,160 to 4,960 fps to depths varying between 32.5
and 69.5 ft. Zone Four exhibited velocities of 7,000 to 7,790
fps to depths between 112 and 122 ft where the final zone was
encountered with velocities of 10,140 to 11,510 fps. This zone
is indicative of competent rock.
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Test Results for Borrow Area Material



FOX & ASSOCIATES OF NEW MEXICO, INC.

CONSULTING ENGINEERS AND GEOLOGISTS

ALBUOUEROUE OFFICE 3412 BRYN MAWR DRIVE. NE
ALBUOUEROUE. NE.V MEXICO 87107
(505) 88-0900 July 18, 1984

Corps of Engineers Job No. 434690
Construction Branch
P. 0. Box 1580
Albuquerque, NM 87103

Attention: Mr. Don Luna

Subject: Sieve Analyses, Moistures and Atterberg Limits Tests for
Cuchillo Negro Creek, DACW47-83-D-0023, Delivery Order
#DMO07 (Item 0002)

Gentl emen:

Transmitted herein is the detailed test data for the subject

project.

FOX & ASSOCIATES OF NEW MEXICO, INC.

terii~s &nTeting Div/sion Manager

Copies: Addressee (2)

Attached: Data Sheets (2)

jcg
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WESTERN 8305 Washington Place, N.E.
TECHNOLOGIES Albuquerque, New Mexico 87113 LABORATORY REPORT

INC. (505) 823-4488

PHYSICAL PROPERTIES OF AGGREGATES

Client Job No. 3227J013

Lab/Invoice No. 3227W040

Date of Report

Reviewed By

Project Army Corps of Engineers

Location CN-T-14 Sampled By Corps Date N/A

Typeof Aggregate Silty Gravelly Sand (SP-SNlubmittedBy Corps Date 4/87

Source of AggregHole 1 @ 2' Authorized By Date _

Siese Analysis, ASTM - Test Standards are ASTM unless otherwise noted.
T i PassinR I i

Sieve Size Accumul.livc Specilicalion Test Result Specilication Test STD

Fineness Modulus C125-

4" Dry Rodded Unit Weight, pcf C29-

3" Lightweight Pieces, % C123-

2" Clay Lumps and Friable Particles C142-

1 /•" Organic Impurities C40-

1%" Sand Equivalent Value C2419-

11 100 % Wear, rev. C131-

____ 94 Resistance % Wear, 500 rev. Grading,
____94_to

'A" 75 Abrasion % Wear, rev. C535-

¼8" 70 % Wear, 1000 rev. Grading

'A " 62 Scratch Hardness, % by: Weight j Count C235-

No. 4 57 Fractured Faces, % by: Weight I Count I
8 48 Liquid Limit I Plasticity Index * I N .P. D4318-

10 42 Cleanness Value Calif. 227-

16 35

30 30 Moisture Max. Dry Density, pcf 0 D698-
[] D1557-

40 Density Optimum Moisture, % 0 AASHTO T99-40 24 Relations 0 AASHTO T18-0• AASHTO T180-
50 13 Method

100 1 Absorption, %

200 8 Specific Bulk (Dry) 0 C127-

,ravity Bulk (SSD) 0 C128-

Fnrr than 200 Apparent
ASIM C117-

S*Liquid Limit was not determined in accordance
Copies to. with ASTM D4318
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WESTERN 8305 Washington Place, N.E.
TECHNOLOOIES Albuquerque, New Mexico 87113 LABORATORY REPORT
INC. (505) 823-4488

PHYSICAL PROPERTIES OF AGGREGATES

Client Job No. 3227J013

Lab/Invoice No. 3227W040

Date of Report

Reviewed By

Project Army Corps of Enszineers

Location CN-T-14 Sampled By Corps Date N/A
Silty Gravelly Sand (Sr-SM) 4/87_________

Type of Aggregate i-Submitted By Corps Date 4/87

Source of Aggregate Hole #2 @ 4' - 6' Authorized By Date _

Sieve Analysis, ASTM C136- Test Standards are ASTM unless otherwise noted.

Sieve size A umu ve Specification Test Result Specilication lest STD

Fineness Modulus C125-

4- Dry Rodded Unit Weight, pcf C29-

3" Lightweight Pieces, % C123-

2- Clay Lumps and Friable Particles C142-

1¼"/2 100 Organic Impurities C40-

11V8" Sand Equivalent Value C2419-

1" 92 % Wear, rev. C131-

85 Resistance % Wear, 500 rev. Grading85to ....

'A 70 Abrasion % Wear, rev. C535-

S" 64 % Wear, 1000 rev. Grading

'A" 56 Scratch Hardness, % by: Weight Coun( C235-

No. 4 52 Fractured Faces, % by: weight I Count I

8 42 Liquid Limit I Plasticity Index * N.P. 1 04318-

10 41 Cleanness Value Calif. 227-

16 37

30 34 Moisture Max. Dry Density, pcf 0-_ D698-

0 D1557-
40 31 Density Optimum Moisture, % 0 AASHTO T99-0 26 Relations M0 AASHTO T180-50 26 Method

100 15 Absorption, %

200 9 Specific Bulk (Dry) 0 C127-

Gravity Bulk (SSD) 0 C128-

Finer than 200 Apparent
ASTM C117-

C o*Liquid Limit was not determined in accordance
Copies to: with ASTM D4318
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WESTERN 8305 Washington Place, N.E.
TI C NOLOGES Albuquerque, New Mexico 87113 LABORATORY REPORT

mC. (505) 823-4488

PHYSICAL PROPERTIES OF AGGREGATES

Client Job No. 3227J013

Lab/Invoice No. 3227W040

Date of Report

Reviewed By

Project Army Corps of Engineers

Location CN-T-15 Sampled By Corps Date N/A

Type of Aggregate Sandy Clay (CL) Submitted By Corps Date 4/87

Source of Aggregate Hole #1 Authorized By Date _

Sieve Analysis, ASTM C136. Test Standards are ASTM unless otherwise noted.

mu Sie pecilitalion Test Rsl PcSieve Size Au i SecCRlircalio Test STD

Fineness Modulus C125-

4" Dry Rodded Unit Weight, pcf C29-

3" Lightweight Pieces, % C123-

2" Clay Lumps and Friable Particles C142-

1¼/2 Organic Impurities C40-

1¼ Sand Equivalent Value C2419-

% Wear, rev. C131-

/ - Resistance % Wear, 500 rev. Grading
to

1/2 Abrasion % Wear, rev. C535-

% Wear, 1000 rev. Grading

- Scratch Hardness, % by: Weight Count I C235-

No. 4 100 Fractured Faces, % by: weight Count

8 99 Liquid Limit I Plasticity Index 44 I 28 I D4318-

10 99 Cleanness Value Calif. 227-

16 99

30 98 Moisture Max. Dry Density, pcf o 0D698-

Density Optimum Moisture, % 0 D1557-
40 98 Relations _0 AASHTO T99-

50 97 Method 0 AASHTO T180-

100 90 Absorption, %

200 77 Specific Bulk (Dry) 0 C127-
Zravity Bulk (SSD) 0 C128-

Finer tean 200 Apparent
ASTMC117.

Copies to:
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WESTERN 8305 Washington Place, N.E.
TECHNOLOGIES Albuquerque, NewMexico 87113 LABORATORY REPORT
INC. (505) 823-4488

PHYSICAL PROPERTIES OF AGGREGATES

Client Jo!) 'e. 3227J013

Lab/Invoice No. 3227W040

Date of Report

Reviewed By

Project Army Corps of Engineers

Location CN-T-] 6 Sampled By Corps Date NIA

Type of Aggregate Gravelly Clayey Sand (SP-Sgbmitted By Corps Date 4/87

Source of Aggregate Hole #1 @ 1.5' Authorized By Date _

Sieve Analysis, ASTM C136- Test Standards are ASTM unless otherwise noted.

% Passing R S
Sieve SiAe rAccumulative Specification Test Resut Specification Test STO

Fineness Modulus C125-

4" Dry Rodded Unit Weight, pcf C29-

3' Lightweight Pieces, % C123-

2- Clay Lumps and Friable Particles C142-

1 '`4 Organic Impurities C40-

1¼/, Sand Equivalent Value C2419-

1' 100 % Wear, rev. C131-

Resistance % Wear, 500 rev. GradingV4 91 to
_ ,__ 87 Abrasion % Wear, rev. C535-

76 % Wear, 1000 rev. Grading

/'A 64 Scratch Hardness, % by: Weight Count I C235-

No. 4 57 Fractured Faces, % by: Weight I Count I

8 42 Liquid Limit I Plasticity Index 25 I 16 I D4318-

10 41 Cleanness Value Calif. 227-

16 34

30 28 Moisture Max. Dry Density, pcf 0'_ D698-

Density Optimum Moisture, % 0 D1557-
40 26 Relations 0 AASHTO T99-0] AASHTO T1"180-
50 24 Method

100 16 Absorption, %

200 10 Specific Bulk (Dry) 0-C127-
Gravity Bulk (SSD) 0 C128-

Finer than 200 Apparent
ASTMC117-

Copies to:
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WESTERN 8305 Washington Place, N.E LABORATORY REPORT
TECHNOLOGIES Albuquerque, New Mexico 87113

INC. (505) 823-4488

PHYSICAL PROPERTIES OF AGGREGATES

Client Job No. 3227J013

Lab/Invoice No. 3227W040

Date of Report

Reviewed By

Project Army Corps of Engineers

Location CN-T-16 Sampled By Corps Date NIA

Type of Aggregate Silty Clayey Sand (SC-SM) Submitted By Corps Date 4/87

Source of Aggregate Hole #2 @ 4' Authorized By Date
Sieve Analysis, ASTM C136. Test Standards are ASTM unless otherwise noted.

Sieve Siie A-mPassing Specification Test Result Specification Test STD

Fineness Modulus C125-

4" Dry Rodded Unit Weight, pcf C29-

3" Lightweight Pieces, % C123-

2" Clay Lumps and Friable Particles C142-

1/2" Organic Impurities C40-

1V" Sand Equivalent Value C2419-

1" % Wear, rev. C131-

'A" ¼ Resistance % Wear, SO0rev. Gradingto % Wear, 500_rev.

',/" Abrasion % Wear, rev. C535-

V." % Wear, 1000 rev. Grading

V." Scratch Hardness, % by: Weight Count I C235-

No. 4 Fractured Faces, % by: Weight I Count I

8 Liquid Limit I Plasticity Index 20 I 6 I D4318-

10 100 Cleanness Value Calif. 227-

16 99

30 99 Moisture Max. Dry Density, pcf 0 D698-
Moistre 0 D1557-

40 98 Density Optimum Moisture, % 0 D155 T940_98___1Relations 
_0 AASHTO T99-

5o 94 Method

100 73 Absorption, %

200 46 Specific Bulk (Dry) 0 C127
Gravity

Bulk (SSD) 0 C128-

Finer than 200 Apparent
ASTM C117-

Copies to:
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WESTERN 8305 Washington Place, N.E.
TECHNOLOGIES Albuquerque, New Mexico 87113 LABORATORY REPORT

INC. (505) 823-4488

PHYSICAL PROPERTIES OF AGGREGATES

Client JobNo._ 3227J013

Lab/Invoice No. 3227W140

Date of Report

Reviewed By

Project Army Corps of Engineers

Location CN-T-17 Sampled By Corps Date N/A

Type of Aggregate Silty Gravelly Sand (SM) Submitted By Corps Date 4/87

Source of Aggregate Hole #1 Authorized By Date _

Sieve Analysis, ASTM C136- Test Standards are ASTM unless otherwise noted.

Siee Pasii Slcilicalion Test Result Specilicalion Test SD

Fineness Modulus C125-

4' Dry Rodded Unit Weight, pcf C29-

3' Lightweight Pieces, % C123-

2' Clay Lumps and Friable Particles C142-

1'" Organic Impurities C40-

Sand Equivalent Value C2419-

% Wear, rev. C131-

Resistance % Wear, 500 rev. GradingV" 100 to
AbrasionC3-

""" 90 % Wear, rev. C535-

88 % Wear, 1000 rev. Grading

1,4 86 Scratch Hardness, % by: Weight Count J C235-

No. 4 83 Fractured Faces, % by: Weight I Count J I
8 79 Liquid Limit I Plasticity Index * JN.P. I D4318-

10 79 Cleanness Value Calif. 227-

16 76

30 69 Moisture Max. Dry Density, pcf 0 D698-
0] D1557-

Density Optimum Moisture, % 0 AASHTO D99-
40 61 Relations O AASHTO T18-

50 52 Method

100 33 Absorption, %

200 2 21 Specific Bulk (Dry) 0 C127-

Gravity Bulk (SSD) 0 C128-

Finer than 200 Apparent
ASTM C117iI.

*Liquid Limit was not determined in accordance
Copies to: with ASTM D4318
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WES•ERN 8305 Washington Place, NE.
S TECMNOLOGIES Albuquerque, NewMexico 87113 LABORATORY REPORT

INC. (505) 823-4488

PHYSICAL PROPERTIES OF AGGREGATES

Client Job No. 32273013

Lab/Invoice No. 3227W040

Date of Report

Reviewed By

Project Army Corps of Engineers

Location CN-T-18 Sampled By Corps Date NIA

Typeof Aggregate Clayey Sand (SC) Submitted By Corps Date 4/87

Source of Aggregate Hole #1 Authorized By Date
Sieve Analysis. ASTM C136. Test Standards are ASTM unless otherwise noted.

1 %o |PaSin g

S""' e S AcSpmeiaiivt cification lest Result Specification lest SID

Fineness Modulus C125-

4' Dry Rodded Unit Weight, pcf C29-

3' Lightweight Pieces, % C123-

2' Clay Lumps and Friable Particles C142-

1'1/1 Organic Impurities C40-

1%" Sand Equivalent Value C2419-

1' % Wear, rev. C131-

V. Resistance % Wear, 500 rev. Grading
to

1/" Abrasion % Wear, rev. C535-

3/4 % Wear, 1000 rev. Grading

1/4" Scratch Hardness, % by: Weight Count C235-

No. 4 Fractured Faces. % by: Weight I Count

8 99 Liquid Limit I Plasticity Index 46 I 15 I D4318-

10 99 Cleanness Value Calif. 227-

16 98

30 91 Moisture Max. Dry Density, pcf o D698-

0 D1557-
40 Density Optimum Moisture, % 0 AASHTO T99-76 Relations 0 AASHTO T180-
50 58 Method

100 31 Absorption, %

200 17 Specific Bulk (Dry) 0 C127-

travity Bulk (SSD) 0 C128-

Finer than 200 Apparent
ASTM Ctil.

Copies to:

E-54



(MWETEIRN 8305 Washington Place, NE.

TECHNOLOGIES Albuquerque, New Mexico 87113 LABORATORY REPORT

INC. (505) 823-4488

PHYSICAL PROPERTIES OF AGGREGATES

Client job No. 3227J013

Lab/Invoice No. 3227W040

Date of Report

Reviewed By

Project Army Corps of Engineers

Location CN-T-19 Sampled By Corps Date N/AL .

Type of Aggregate Sandy Gravel (GP) Submitted By Corps Date 4/87

Source of Aggregate Hole #1 @ Surface Authorized By Date
Sieve Analysis, ASTM C136- Test Standards are AStM unless otherwise noted.

PAcc sing, Specification Test Result Specification Test STD

Fineness Modulus C125-

4' Dry Rodded Unit Weight, pcf C29-

3" Lightweight Pieces, % C123-

2' Clay Lumps and Friable Particles C142-

11V," 100 Organic Impurities C40-

1/a- Sand Equivalent Value C2419-

1_ 86 % Wear, rev. C131-

*" 74 Resistance % Wear, 500 rev. Grading
to

'A 64 Abrasion % Wear, rev. C535-

1/" 57 % Wear, 1000 rev. Grading

*/"" 49 Scratch Hardness, % by: weight J Count C235-

No. 4 45 Fractured Faces, % by: Weight I Count j I

8 37 Liquid Limit I Plasticity Index * I N.P. I D4318-

10 36 Cleanness Value Calif. 227-

16 29

30 16 Moisture Max. Dry Density, pcf 0 D698-

40 9 Density Optimum Moisture, % 0[ D1557-
Relations 0 AASHTO T99-" []0 AASHTO T180-

so 5 Method

100 2 Absorption, %

200 1 Specific Bulk (Dry) 0 C127-

Gravity Bulk (SSD) 0 C128-

Finer than 20 Apparent
ASYM Cl17.

Copies to. *Liquid Limit was not determined in accordance with
ASTMD 4318

J E-55



F WESTERN 8305 Washington Place, N.E.

II TECHNOOGIES Albuquerque, New Mexico 87113 LABORATORY REPORT

INc. (505) 823-4488

PHYSICAL PROPERTIES OF AGGREGATES

Client Job No. 3227J013

Lab/Invoice No. 3227W040

Date of Report

Reviewed By

Project Army Corps of Engineers

Location CN-T-19 Sampled By Corps Date NIA

Typeof Aggregate Gravelly Sand (SP) Submitted By Corps Date 4/87

Source of Aggregate Hole #2 @ 2' Authorized By Date

Sieve Analysis, ASTM C136- Test Standards are ASTM unless otherwise noted.
SieveSize % Passing

Sieve Sie Arcumulaive Specification rest Result Specification Test STO

Fineness Modulus C125-

4' Dry Rodded Unit Weight, pcf C29-

3' Lightweight Pieces, % C123-

2' Clay Lumps and Friable Particles C142-

1 '/1" Organic Impurities C40-

1 Sand Equivalent Value C2419-

% Wear, rev. C131-

100 Resistance % Wear, 500 rev. Grading1• 00 to

1/" 87 Abrasion % Wear, rev. C535-

1/", 85 % Wear, 1000 rev. Grading

82 Scratch Hardness, % by: Weight Count f [ C235-

No. 4 80 Fractured Faces, % by: Weight I Count

8 75 Liquid Limit I Plasticity Index * N.P. I D4318-

10 74 Cleanness Value Calif. 227-

16 66

30 44 Moisture Max. Dry Density, pcf 0_ D698-

40 Density Optimum Moisture, % 0 D1557-
29 Relations _0 AASHTO T99-

50 16 ethod0 AASHTO T180-50 16 Method

100 5 Absorption, %

200 3 Specific Bulk (Dry) 0 C127-

Gravity Bulk (SSD) 0 C128-
Finer than 200

AS7MC117 Apparent

Copies to: *Liquid Limit was not determined in accordance
with ASTM D4318
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WESTERN 8305 Washington Place, N.E. LABORATORY REPORT

TECHNOLOGIES Albuquerque, New Mexico 87113

INC. (505) 823-4488

PHYSICAL PROPERTIES OF AGGREGATES

Client Job No. 3227J013

Lab/Invoice No. 3227W0a0

Date of Report

Reviewed By

Project Army Corps of Enrincers

Location CN-T-20 Sampled By Corps Date N/A

Type of Aggregate Gravelly Sand (SP) Submitted By Corps Date 4/87

Source of Aggregate Hole #1 @ Surface Authorized By Date _

Sieve Analysis. ASTM C136- Test Standards are ASTM unless otherwise noted.

Sieve Site Atc'..dJ.al-C Specification Test Result Spccification Test STO

Fineness Modulus C125-

4" Dry Rodded Unit Weight, pcf C29-

3" Lightweight Pieces, % C123-

2- Clay Lumps and Friable Particles C142-

11'1" Organic Impurities C40-

11'A Sand Equivalent Value C2419-

1. 100 % Wear, rev. C131-

91 Resistance % Wear, 500 rev, Grading
91 to _

83 Abrasion % Wear, rev. C535-

1," 71 % Wear, 1000 rev. Grading

,A¼" Scratch Hardness, % by: Weight I Count C235-

No. 4 53 Fractured Faces, % by: Weight I Count I

8 41 Liquid Limit I Plasticity lndex * I N.P. I D4310-

10 39 Cleanness Value Calif. 227-

16 33

30 16 Moisture Max. Dry Density, pcf L D698-"Mitr 0• D1557-
Density Optimum Moisture, % D AASHTO T"-40 10 Relations _0- 0 AASHTO T99.-

50 5 Method

100 1 Absorption, %

"200 0 Specific Bulk (Dry) 0 C127

-r 
a vity B u lk (S S D ) 0 C 1 2 8 -

Snerth,N,, 20 Apparent

Copies t *Liquid Limit was not determined in accordance

with ASTM D4318
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WESTERN 8305 Washington Place, N.E. LABORATORY REPORT

TECHNOLOGIES Albuquerque, New Mexico 87113

INC. (505) 823-4488

PHYSICAL PROPERTIES OF AGGREGATES

Client Job No. 3227J013

Lab/Invoice No. 3227W040

Date of Report

Reviewed By

Projcct Army Corps of Enpincers

Location CN-T-20 Sampled By Corps Date N/A

Type of Aggregate Sandy Gravel (GP) Submitted By Corps Date 4/87

Source of Aggregate Hole #2 @ 2.5' Authorized By Date

Sieve Analysis, ASTM C136- Tes1 Standards are ASTM unless olherwise noted.

Sieve Site Accrnjlailvc Specification Test Result Specification I ts1 5TL

Fineness Modulus C125-

4' Dry Rodded Unit Weight, pcf C29-

3' Lightweight Pieces, % C123-

2- Clay Lumps and Friable Particles C142-

1/2" 100 Organic Impurities C40-

1%/4 Sand Equivalent Value C2419-

1 79 % Wear, rev. C131-

Resistance % Wear, 500 rev. Gradin _
'A72 _____ to __________ ____

Abrasion % Wear, rev. C535-__1____ 67 ______, rvC55

'A 59 % Wear, 1000 rev. Grading

'/4 53 Scratch Hardness, % by: Weight Count C235-

No. 4 48 Fractured Faces, % by: wcight I Count I

8 37 Liquid Limit I Plasticity Index IN.P. I D43183-

10 35 Cleanness Value Calif. 227-

16 27

30 15 Moisture Max. Dry Density, pcf 0 D698-30 J Moisure [ D1557-

40 Density Optimum Moisture, % AASHTO "T99-40 , _9 Relations _0 AASHTO T1)0-
s0 5 Method

100 1 Absorption, %

200 0 SVpecific Bulk (Dry) 0 C127-

Gravity Bulk (SSD) 0 C121"

Finer than 2fo Apparent
ASTMC117.

Copies to: *Liquid Limit was not determined in accordance
with ASTM D4318

E-58



Test Results for Left Abutment Foundation Material



V

SOUTHWESTERN DIVISION LABORATORY, CORPS OF ENGINEERS
4815 Cass Street

Dallas, Texas 75235

---------------------------------------------------------

---------------------------------------------------------

: SUBMITTAL OF SWDED-GL REPORT 15292 ( 30 pages)

------------------------------------------
PROJECT: CUCHILLO NEGRO DAM : Contract No.
Feature: LEFT ABUTMENT

TEST REQUEST NO.: E86910020 * : From: CHIEF
Dated: 15 JAN 1991 ENG/PLNG DIVISION
Received: 17 JAN 1991 ALBUQUIERQUE DISTRICT

------------------------------------------
MATERIAL: DISTURBED AND UNDISTURBED SOIL SAMPLES

No. and type of samples: 7 RECORD SAMPLES, 1 BAG AND 3 CTNS.
Source or other identification: JOINT FILLING, SHEAR/BRECCIA ZONE

LEFT ABUTMENT

* CHANGE ORDER NUMBER 1
DATED: 03 MAR 1991.
RECEIVED: 15 APRIL 1991.

Date received: 12 AND 24 JAN 1991.

: REMARKS: ALL TESTS HAVE BEEN PERFORMED IN ACCORDANCE WITH EM 1110-
2-1906. SAMPLES WITH GRAIN SIZE DISTRIBUTION AND ATTERBERG
LIMITS TESTS HAVE BEEN CLASSIFIED IN ACCORDANCE WITH MIL
STD. 619B. ALL OTHER SAMPLES HAVE BEEN VISUALLY CLASSIFIED ONLY.

RESULTS OF TESTS TABLE 1
PLASTICITY CHART PLATE 1

: GRAIN SIZE DISTRIBUTION CURVES W/HYDROMETER PLATES 2-12
RESIDUAL DIRECT SHEAR TESTS PLATES 13-16

: CONSOLIDATION TESTS PLATES 17-28

--------------------------------------------------------

:Report sent to: :Copy furnished:

ALBUQUERQUE DISTRICT
-------------------------------------------------------------------------------
-------------------------------------------------------------------------- -----

:Date: :Name and title: :Signature
* : WILLIAM R. TANNER.

:16 April 1991 : Director
:SWO Laboratory

---------------------------------------------------------

E-5 9
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U.S. STANOARO SIEVE OPENING IN INCHES U.S. STANOARD SIEVE NUMBER1S HYGROMETER

1. .nJ - 4

ao

80

>- 6

Li

Q, . , 4

L )

C1 3- 0

2 0

10 - E-L

200 100 so 10 0 5 1.0 0.5 0.1 0.05 0.01 0.005 0 00:ý

0 M GRAIN SIZE IN MILLIMETERS

C , % COBBLES % GRAVEL % SAND % SILT OR CLAY
M 0.0 0.0 1.0 99.0

z . -

_iJ

Sample No. Elvor Depth Na W LL PL Pi c C

z 91 g/1 4650.0' 37.7 73 27 AB6

WCfl

x (n CLASSIFICATION
-Cn

D < 0 SHALE

(n

z

w Lab No. CESWD-ED-GL RPT NO. 15292
Z L Area

4a. (1 Boi'rlg No .JOINT FILLNG Date FEB 1991
WO0 GRADATION CURVES
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U.S. STANDARO SIEVE OPENING IN INCHES U.S. STANOA•O SIEVE NUMBERS HYDROMETER

CC

00 C- w a .•

90

CD70
LI-.
X

o >-60
z CO

-W qI :
a 0 ul 50

z+ zIll (V11 z~{ lll
L

0 a LL

03I 0 ~40
~a~o z

CI:3
W

10
20-

200 i00 50 10.0 5 1.0 0.5 0.i 0.05 0.01 0 005 0.001

0 (n GRAIN SIZE IN MILLIMETERS

a: r- % COBBLES % GRAVEL % SAND % SILT DR CLAY

4 * 0.0 2.0 1.0 97.0

¢I-

0 q I"u _J
> 4,

Lo Sample No. Elev or Depth Nat W% LL PL Pl Cc Cu

0 91/2 J 4640.0' 18.6 58 27 29

LU (

3:

]c-r DCLASSIFICATION

S"( 0 SHALE0 0
(n

a:
w M
1 w

z Remarks: Project CUCHILLO NEGPC OAM
0 ( LEFT ABUTMENT

zP.- uJ Lab No. CESWD-EO-GL RPT NO. 15292

w, L Area
I.-

cn Borting No SHEAR ZONE Date FEB 1991
0. n-
wJ o GRADATION CURVES
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U.S. STANOAAR SIEVE OPENING IN INCHES U.S. STAN•AR: SIEVE NUMBERS HYOROIMETER

C

(V C.. 0 0
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REMARKS: SPECIFIC GRAVITY ESTIMATED SWD LAB NO. 91/15

ULTIMATE SHEAR USED TO PLOT - IPRO.J NO.: 15292 DATE: FEB 1992
SAMPLE DID NOT SHEAR ALONG HORIZONTAL
PLANE, THIS CAUSED LOAD TO CYCLE DIRECT SHEAR TEST

FROM HIGH TO LOW. _____F MIEI
IFIG. NO -- ýhffi5~

E- 76



0.46 --

-- eoPeý p

0.4

0.10 1.00 10.00 100.00

PRESSURE (t/ftA2)

BEFORE TEST AFTER TEST

OVERBURDEN PRESSURE (t/Wt2) 0. 1 WATER CONTENT (Z) 13.999 16.069

PRECONSOL. PRESSURE (t/ttA2) DRY DENSITY (lb/tr3) 115.746 118.539

COMPRESSION INDEX 0-10 SATURATION (7.) 83.522 103.739

TYE PEIMN ID1 RATIO 0.451 0.417

DIA. (in) 2.505 HT. (in) 1.000 BACK PRESSURE (t/ftA2)

CL.ASSIFICATION SALE

LL 49.0 PL 23.0 PI 25.0 PROJECT CUCHILLO DAM

GS 2-590 TDIG Data File: B:91-5.C1N
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o Start-Swell 0 End-Swell DEPTH 4640.0 DT
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CONSOLIDATION TEST RE PORT
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E-83



0

'0 (

E0

o L H-

0>

coo

Cl

gE

0 a

_ _ _ _

C14 C) (9)c

(ul)A3VOV~dia -iN3V3Wo



0

Lj LL
CF

w (D
o E U)

oo OZD

0" All

00

0~ C)_ _ _

CC 9

00

(ui) IAiIJOV~dSlaIG 1VNJV'8dNl



0.987-

0.90

0.10 1.00 10.00 100.00

PRESSURE (t/ftA2)

BEFORE TEST AFTER TEST

OVERBURDEN PRESSURE (t/ftt2) 0.1 WATER CONTENT (Z) 13.223 31.727

PRECONSOL. PRESSURE (t/ftA2) DRY DENSITY (Ib/ft\3) 87.728 91.301

COMPRESSION INDEX 0.33 SATURATION (7.) 38.908 101.684

TYPE SPECIMEN VOID RATIO 0.914 0.839

DIA. (in) 2.505 HT. (in) 1.000 BACK PRESSURE (t/ftA2)

CLASSIFICATION SHALE

LL PL PI PROJECT CUCHILLO D,•

GS 2.690 T D10  Data File: B:15.CNV

REMARKS BORING NO. STA. 1+600 SAMPLE NO. 91/15

O Start-Swell 0 End-Swell DEPTH 4630 DATE
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Geophysical Logs and Report



/

Summary of Cuchilla Negro Geophysical Logs

Geophysical logs were made in 14 wells, by the U.S. Geological Survey logger,

in the Cuchillo Negro dam-site location during May 1988. The cored-holes

generally traverse the proposed location of a flood-water retention dam across

Cuchillo Negro Wash and the spill-way location in an adjacent tributary.

Three of the holes originally planned for logging, had caved too shallow for

usable logs. Two, of the 14 holes logged, were very shallow so only gamma logs

were made in those. Natural Gamma, Gamma-Gamma Density, Neutron, and Caliper

logs were made in the 12 deepest holes.

All of the holes showed a fracture zone except the northern-most (CH-17) and

the southern-most (CH-22) which are situated on the highest elevations. The

formation outcrops indicate an east-northeast dip of approximately 25 degrees

making correlation of the lithology, from hole-to-hole, very difficult. The

logs exhibit anomalies indicative of a very dirty subordinate limestone to

clean limestone separated by layers of shale and clay. The clean limestone

layers are relatively thin and pinch-out to zero in places but where it is

present, few fractures appear in it. The fracture sections appear mostly in

the shale sections, and the limestone/calcite sections, and generally at random

without direct communications to areal holes. Any movement of ground-water

would necessitate, vertical as well as horizontal flow, because of the apparent

block-like nature of the formations, therefore areal permeability would be very

low.

The attached over-lay, showing well locations, altitude of the land-surface,

and altitude of the encountered fracture zones, indicate a fracture at
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approximately 4,632 above MSL, that may be an exception. However, when the

Gamma logs of the wells encountering the 4,632 fracture are compared, it is

obvious that the section is not continuous and therefore not directly related.

Four of the holes contained a small amount of water and the Neutron logs show

seeps in the fracture areas of these holes but not in others, leading to the

belief that this is perched water or drilling fluid.
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ALBUQUERQUE DISTRICT
CUCHILLO NEGRO DAM
AGGREGATE ANALYSIS
SWDED-GL REPORT NO. 14735

1. REFERENCE: Reference is made to Albuquerque District test request
E86880058, dated 28 June 88, requesting testing of concrete aggrenate
and riprap.

2. SAMPLES: The following samples were received 17 June 88:

SWD NO. MATERIAL SOURCE AMOUNT

C-1846 NATURAL SAND AND GRAVEL CUCHILLO NEGRO 66 BAGS
C-1847 CHUNK STONE CUCHILLO NEGRO 1200 LB

3. PETROGRAPHIC REPORT:

A. C-1846. The natural sand and gravel consisted of well
f rounded particles of the following:

ROCK TYPE PERCENT

ACID VOLCANIC 43.4
BASIC VOLCANIC 2:.2
INTERMEDIATE VOLCANIC 17.0
QUARTZ 5.0
FELDSPAR 4.7
SANDSTONE 3.6
CHERT 3.3
LIMESTONE 0.8

The ACID VOLCANIC rocks were well rounded, fine-grained,
slightly fractured, slightly weathered and ranged from reddish orange
to purple in color. The fractures were hairline, tight and were well
healed with quartz. The acid volcanic rocks appeared to be rhyolites
in composition and about 30% were porphyritic. No volcanic glass was
noted.

The BASIC VOLCANIC rocks were well rounded, fine-grained,
slightly fractured, slightly weathered and ranged in color from medium
to dark gray. The fractures were hairline, tight and were well
healed with quartz. The basic volcanics appeared to be basalts in

( composition and about 20% were porphyritic.
The INTERMEDIATE VOLCANIC rocks were well rounded, fine-

grained, slightly fractured, slightly weathered and ranged in color
from yellowish green to light gray. The fractures were hairline, tight
and well-healed with quartz. The intermediate volcanics appeared to be

E-141
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~L BL)Q UE R PU E D IST R ICT
CZUCHILLO NEGROJ DAiM
AGGREG3ATE tANPLY8 13
S)WDF-D-%3L REPORT NO. 14-7-'5

andesites in coim-position. No volcanic plass was noted.
The QU.L-IRTZ was clear- to white, hard,* dense, dura--ble= zand

s i qhti y weathered. The-- parti cles were SUbanQkl ar to sGibrDounded.
SI iqht iron--stal niricl was noted an a few of the quartz qrai n-.

The FEL.DSF:ý'"`R was pink to w~hite, moderately hard, dense.
durt a(le, and sutbroun~ded.

The SA~NDSTONE was cqreeni sh or avy, firie-qrained, sliqht'-/
weýathered and cemiented with sila czai The particles were rou~nded to
subrou~nded in shape.

The CETwas vaicolored hard, dense, durable. and wjas
sli c-1itl y fractured. The partiCcls w~ere S~ibrouride-;d to SUbanouuJar
in shape. No CHALCEDONY was noted.

The LIV-ESTONE was muedium to dark. raVery fine-gqrained,
dense, durable and moderately hard. Part~icle s~hape waj-:s rounded.

C. L41847. -the ch-un'k stone sample consi sted ot my'ediumf to
d a r l.. qr-vf ae~ae v ,1 sightly +Vfac-ture-d, sli ihtly weathered,
m c)d er at eI 1 hard, dense, durable LIMESTONE. AbOukt BCA of the sample

(C-l~4 )c~ontained ciray and liqht brown mottl'nQ. Twenty percent
(C-184 "-EB o-f the sample was thin-bedded. The fractures were hairline,
t i cl h ta nd tilledj with calcite. Weathering was noted as a sliqiht dis--
coloLr i.-tt a or al onol the ojuter surfaces of the chunks and al ono T'racttures
- -knk size u range~d from 6' G'" 10"' to 1'2-x 14 x22

4. RES;ULTS OF-: FREE2E-THPL'J T E S:T I r-I

A4. C- 13 4 -A and I-1846-B. After 2'u cycles of freeze-thaw
1:esti ni the -slabs remained intact with onl y very minor sI akincl of
sanf-si~ze particles (SEE PLA~TES I & 24).

5. ESULT-S OP~ AI.J'gLI--GGREc3ATE REA~CTION, CHMCL ET:

Results O+ the Chemical test for reactivity of aqqreq--tte
With SodiUrnj hydroxide are- listed in the following table*
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ALBUQUERQUEE DIESTRICT
CUCHILLO NEGRO DAN
P[UGREGOI*I E ANALYS I S
SWDED-GL RFFORI" NO. 147:*:5

Saz-m I e Po i nt Sc R c

.-134 F A 9k 24.9ji:
B 78- :262
C 89 ... z5 f

C-1i 46 Corase A 95 218
B1 :214
C 82 245

The tests show that both samples are innocuouts. corta1 ri inQ

no reactive minerals., (SEE FL.ATE I5).
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ALBPU(ULIER QUE DI S RI CT
CLICHILLO NEGRO DAM
AGGREGATE ANALYSIS
SWDED-1GL REPORTr NO. 1475

TABLE 1
OVERALL GRADPAT'iFION

SWD SAiMPLE NO. C- I4a,

GRADAT4IOf)N., % PAiSSING

2 1/2'' 99.-
2" 97.@

i-1/2"V5.5

1" Q'- •7• -

Jr/" 84.2
1/2'' 75.1
3/8"1 67.6

#4 51.1
#8 38.!f

#I6 27.9
00) 18.b
050 9.1

# 100 4.7
#20_ 2.9
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PILOUOfERUEDI SIR I
C~UCH-ULLO NEGRO~i DAM
AGGBREGA-ME A-'NALXYS IS
SWDED---OL REPOR't NO. 1 47- .

RES3ULT OF T ESTS W:' (-LUjs -4-4 tf-ii-1 R Iid

L'FU*1L'1, 1 N, .Ft~S

2 /I 9o.,

:2~~j~~~ -i 1 i 2L 90. i ~ D LL~

~I3½11.f ON .

I-~~~3 4~i b7 .,O*J;~y P~.IIF.,

D,,3 F11101

Wol PWlESS . "B"EE nk)(i SCYCLESE

5 YCLESý 71 LOSS
PLUS I''

31" 4 20

WEI (3HTED iý4'FRAl3E 13u. 1
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O.UCH ILLOU NEGRO Df(41
OGGbREGPATE ANA1LYSI15

SWOD-3L EPRT NO,4-. 1 47Z15

RE;IJLYC3 OF VES'TS O11F MNUS1 #4 N('ig f ,i 7Th

SI~C I 4UHL:F

GRADA11 1 F AUSfk1G
#4 jIno. 3

45o

I-z aF I :tJPI4

'lit C, I it T I- tf. 1 1o Ca F OF,

St )JNDES. MOULSI UNI sim Ft; I L.

iti 8 d

WE ~ ~ ~ M ILI Ur 4*L I.
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ý-LBU(LJuERG:UE DI S V~IMCT
tCUCIHILLO NEGRO0 DA4M

AT3GREUG E ANALYSI
SWDED-Gl- REPO~f['4O. 14'7.-5

TABSLE 4
RESUL TS OF TESTFS OF R F-IRAF'

ýSVJ SAMPL!iý NOJ. -1846 U>- 1 46-A WA 846-D

F!CO~v ~( BULV: 'SSU 2.)ý

~ ssi~~~<i-iON* .0. 4

IREly..'ulUI 'XlS LOSS

L)NLJE.S , GNES I LI SULFAVE, LOSS
-- I-1/2 .. 4

S5LUNDUNES'S. FRHE ZI N6 AtND fHriW !NG
NUMBEFR OF CYCLES 2(

'EMINNO 4 4

*iINCLUDES FRAGMENTS REMAINING Al END. Of' YE, VWEluOi-iNt

MOrRE VHAN 25% OF* [HE I N.I M L DRxY WE I H I.

**SEE S('l'f"LE C S;-1RESULIVS

E- 147



4 .. LUGLJEHUtRQUE DIS SRICI
CUCHIILLO NEGRO DAM
AGGtd3REGATE ANALYSIS
sWDELD-GL REPORT NO. 14735

Sample C-1847-A before freezing and thawing.

Sample C-1847-A after '20 cycles of freezing and thawing.

PLATE 1
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ALE-UOUERQUE DISTRIP T
CUCHILLO NEGRO DAM
AGGREGATE ANALYSIS
SWDED.-GL REPORT NO. 14735

Sample C-1847-B before freezing and thawing.

Sample C-1847-B after 20 cycles of freezing and thawinq.

PLATE 2
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SWDED-GL Report No. 14735
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FOX & ASSOCIATES OF NEW MEXICO, INC.

CONSULTING ENGINEERS AND GEOLOGISTS

ALBUOUEROUE OFFICE 3412 BRYN MAWR DRIVE. NE
ALBUQUEROUE NEW MEXICO 87107
(505) 884-0900 August 13, 1984

Corps of Engineers Job No. 434690
Construction Branch
P. 0. Box 1580
Albuquerque, NM 87103

Attention: Mr. Don Luna

Subject: Laboratory Test Results for Cuchillo Negro Creek (Item 0002)
DACW47-83-D-0023, Delivery Order #DMO007

Gentlemen:

The results of the laboratory testing on the rock core
for Cuchillo Negro Creek are presented on the attached table.

The remaining untested rock core is being held at our office
pending further instructions.

If you have any questions, please contact our office.

FOX & ASSOCIATES OF NEW MEXICO, INC. Revi wed by:

S-teven . Brewer v elvin'W_. Miles-..
Staff Geologist Area Manager

Copies: Addressee (2)

jcg
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.Set Up Create Update Position Retrieve Organize Modify Tools 04:58:37 am

u List
= Display
= Report =x
= Label
rX4A444AAAAtA
SSum
X Average =
X Count r

ASSIST =<A:>nCNRK nRec: EOF/36 X n
Move selection bar - . Select - Ai. Leave menu - . Help - Fl. Exit - Esc.

Display this database file using an existing report layout.

Record# HOLE DEPTH DIA LEN PSI DEN RK MOD
1 CN-CH-I 20.0 - 22.0 2.391 5.944 25,857 --- LIMESTONE, FINE GRAINED --
2 CN-CH-l 58.0 - 59.0 2.392 5.900 21,096 162.7 LIMESTONE, FINE GRAINED --

3 CN-CH-1 69.5 - 70.0 2.392 6.192 6,698 --- SHALE, WITH LIMESTONE --
4 CN-CH-1 71.5 - 72.0 2.393 5.955 7,188 167.1 SHALE, WITH LIMESTONE --
5 CN-CH-1 74.0 - 75.0 2.393 5.952 12,674 --- SHALE,CALCAREOUS --

6 CN-CH-1 78.5 - 79.0 2.393 5.842 9,294 --- LIMESTONE, SHALE PART. --

7 CN-CH-I 93.0 - 94.0 2.387 6.481 4,626 158.3 SHALE, CALCAREOUS --

8 CN-CH-2 40.0 - 41.0 2.408 6.128 15,173 167.1 LIMESTONE --

9 CN-CH-2 56.0 - 57.0 2.400 5.715 9,549 157.7 SHALE, CALCAREOUS --

10 CN-CH-2 59.0 - 60.0 2.366 5.709 4,253 156.4 LIMESTONE, ARGILLACEOUS --

11 CN-CH-3 31.0 - 32.0 2.392 5.970 28,617 169.6 LIMESTONE --

12 CN-CH-3 64.0 - 65.0 2.391 5.960 4,900 --- SHALE, LIMESTONE --
13 CN-CH-3 71.0 - 72.0 2.398 6.012 13,241 --- LIMESTONE, SHALEY --

14 CN-CH-3 77.0 - 78.0 2.387 6.041 6,749 165.8 SHALE, CALCAREOUS --

15 CN-CH-9 10.5 - 11.0 2.401 6.101 19,065 163.9 LIMESTONE, FINE GRAINED --

16 CN-CH-9 41.0 - 41.5 2.397 5.873 10,461 160.8 LIMESTONE, ARGILLACEOUS --

17 CN-CH-1O 20.5 - 21.0 2.40 5.730 17,468 162.7 LIMESTONE --

18 CN-CH-10 36.5 - 37.0 2.393 6.113 9,864 159.5 SHALE, CALCAREOUS --
19 CN-CH-11 14.0 - 14.5 2.407 5.790 18,727 163.3 LIMESTONE, FINE GRAINED --

20 CN-CH-11 33.0 - 34.0 2.397 6.130 17,647 163.3 LIMESTONE, FINE GRAINED --

21 CN-CH-12 15.0 - 16.0 2.403 5.831 14,069 --- LIMESTONE, ARGILLACEOUS --

22 CN-CH-12 33.0 - 33.5 2.399 6.140 9,711 --- SHAIE, CALCAREOUS --

23 CN-CH-15 33.7-35.0 2.43 5.35 6,998 167.8 LIMESTONE,GRAY,HARD 4.71E+06
24 CN-CH-16 29.7-30.6 2.41 4.96 14,848 173.9 LIMESTONE,DK. GRAY,HARD 2.14E+07
25 CN-CH-16 42.1-43.4 2.43 4.99 16,459 173.4 LIMESTONE,GRAY,HARD 1.51E+07
26 CN-CH-17 30.0-31.0 2.64 4.71 6,587 166.9 LIMESTONE,LT. GRAY,HARD 6.12E+06
27 CN-CH-17 35.1-36.8 2.64 4.63 1,638 158.9 SHALE,BROWN,MOD. SOFT 1.32E+06
28 CN-CH-18 11.4-13.0 2.62 5.01 17,963 174.1 LIMESTONE,LT. GRAY,HARD 9.94E+06
29 CN-CH-18 25.0-26.3 2.62 4.93 19,220 172.6 LIMESTONE,GRAY,HARD 1.09E+07
30 CN-CH-19 32.4-33.9 2.44 4.88 5,553 171.9 LIMESTONE,GRAY,HARD 3.03E+06
31 CN-CH-19 45.6-47.3 2.44 4.80 5,299 172.4 LIMESTONE,GRAY,SL. WEA. 2.84E+06
32 CN-CH-20 7.0-8.4 2.66 4.84 14,025 172.3 LIMESTONE,MED.GRAY,HARD 4.19E+06
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CUCHILLO NEGRO DAMSITE
SUMMARY OF UNCONFINED COMPRESSIVE STRE

OF ROCK CORE SAMPLES

HOLE DEPTH CORE CORE UNCONFINED DENSITY MODUL
NUMBER (FEET) DIAMETER LENGTH COMPRESSIVE (PCF) OF

(INCHES) (INCHES) STRENGTH ELAST
(PSI)

CN-CH-1 20.0 - 22.0 2.391 5.944 25,857 ---..

CN-CH-1 58.0 - 59.0 2.392 5.900 21,096 162.7 --

CN-CH-1 69.5 - 70.0 2.392 6.192 6,698 ---..

CN-CH-1 71.5 - 72.0 2.393 5.955 7,188 167.1 --

CN-CH-1 74.0 - 75.0 2.393 5.952 12,674 -.--

CN-CH-1 78.5 - 79.0 2.393 5.842 9,294 ---

CN-CH-1 93.0 - 94.0 2.387 6.481 4,626 158.3 --

CN-CH-2 40.0 - 41.0 2.408 6.128 15,173 167.1 --

CN-CH-2 56.0 - 57.0 2.400 5.715 9,549 157.7 --

CN-CH-2 59.0 - 60.0 2.366 5.709 4,253 156.4 --

CN-CH-3 31.0 - 32.0 2.392 5.970 28,617 169.6 --

CN-CH-3 64.0 - 65.0 2.391 5.960 4,900 ---

CN-CH-3 71.0 - 72.0 2.398 6.012 13,241 ---..

CN-CH-3 77.0 - 78.0 2.387 6.041 6,749 165.8 --

CN-CH-9 10.5 - 11.0 2.401 6.191 19,065 163.9 --

CN-CH-9 41.0 - 41.5 2.397 5.873 10,461 160.8 --

CN-CH-10 20.5 - 21.0 2.40 5.730 17,468 162.7 --

CN-CH-10 36.5 - 37.0 2.393 6.113 9,864 159.5

CN-CH-11 14.0 - 14.5 2.407 5.790 18,727 163.3 --

CN-CH-11 33.0 - 34.0 2.397 6.130 17,647 163.3 --

CN-CH-12 15.0 - 16.0 2.403 5.831 14,069 ---..

CN-CH-12 33.0 - 33.5 2.399 6.140 9,711 -.-

CN-CH-15 33.7-35.0 2.43 5.35 6,998 167.8 4.71E

CN-CH-16 29.7-30.6 2.41 4.96 14,848 173.9 2.14E
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CN-CH-16 42.1-43.4 2.43 4.99 16,459 173.4 1.51E

CN-CH-17 30.0-31.0 2.64 4.71 6,587 166.9 6.12E

CN-CH-17 35.1-36.8 2.64 4.63 1,638 158.9 1.32E

CN-CH-18 11.4-13.0 2.62 5.01 17,963 174.1 9.94E

CN-CH-18 25.0-26.3 2.62 4.93 19,220 172.6 1.09E

CN-CH-19 32.4-33.9 2.44 4.88 5,553 171.9 3.03E

CN-CH-19 45.6-47.3 2.44 4.80 5,299 172.4 2.84E

CN-CH-20 7.0-8.4 2.66 4.84 14,025 172.3 4.19E

CN-CH-21 7.8-8.5 2.60 4.28 12,068 165.2 4.32E

CN-CH-21 46.5-47.5 2.43 3.57 2,879 162.4 1.84E

CN-CH-21 74.5-75.4 2.40 4.63 3,267 167.6 3.11E

CN-CH-22 52.1-53.2 2.36 4.67 1,147 162.8 1.60E
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* •1815 Cass £'i'.'eEt :

Dallas: " .a-,

,S3LJU3MIT'TAL OF SWDED-GL REPORT 14.8. ., :

" F'R JJEC': CU .HILLO NEGRO DAM SIr: , w t:rzit •C: .1).
I: l:Ž-atLu': VIDEO INVESTIGATIONS OF S ELECTE 1)

BOREHOLES

153-: I rEOUEST NO. - E8680027 From: .hi ,.:

* "!,a,••.) ,.d: 18 March 1988 G'ot.:•Lhn:i.,:: ..... If.:
F:,.-:. et v2dd- 25 March 1988 : Y, cul.;c!: j q~3i . 1

- Icckmtiiat i on:

- b'DRF tJI.II:ILES 1 3, 15, 16, :17, 1l a(,D AN .

: atc : :: t~h"ouh .h':$ March 1980

* 3SEE AllTiCHED PAGES.

h'c-tmort sent to: : Copy furni shehd:
!:41Ibi-iquerque District

" " : e Name and title: a Sionature
S09 May 88 : WILLIAM R. TANNER

: Director
, : .SWD Laboratory
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;r•iL OLE ANALYSIS
Input Data

-. I J.?l N*amre 1.

C. lxiI- .: t C:, 'r •.;i on ve.... 1ca~i

Deoth to Depth to Apparent Apparent Joint
,3ý of Bottom of Dip Width Type Remarks
- re .... Fraoture Direction (Inches)

M¶ost CTbr1! r: &~'o
side .....- i "l ie E . ra.

0 -5 - no -v~;~:e

&Au eniar,,Ew FD :.s-ir, r;3,l

0. 0U13 Ope%- Di rc-zl or ! t 'l. :.7 0.2500 •~pern N' *r Direztior Vrte.

-. 280.01 02500 Open0.;2 , 1.8 1800 .T

7 2a a 180.0 0. t25 Healed Z- 11
7, 7 0.0625 Healed NOL E!n ,re ti.- ' N te.-

Tor--ral ;I ru r
[i h i eai- ty ,-

boring enlareO.
Botto of cavity

C.. ,(1,3 j Healed No D Diectio ."

IA -. Ar I I

Open No Dp ret-u t
4L.9 240.0 0.0625 Healed re, r al n :
•8.9 0.0625 Healed k Di Directior NGeO.

tio m n -a i ,-
55.3 240. 0 0.0625 Healed

C5.2 55.7 10.0 0.1250 Open
,. J,.• Top oý vertical ' o .

tight, rook tro~er' ut o0

drilling actior.
Co Bottor, oý vertical fatua

.9 4.9 Horizonta! fa:ztre, oonn,

oorinq enlarged. caw1ty noted.
:5.4 b5.4 Bottom o& caviti.
12.8 73.5 10.0 0.0313 Healed Liqht sireral liin.
''.b 78.1 10.0 0.0625 Healed Liqht mineral f;illin,

80.4 30.4 Top af cavity.

82.b 92.6 Bottom of cavity.
86.6 87.5 0.3500 Healed No Dip Direction !Noted.

Light mineral filling.
8i.4 89 315.0 0.0313 Healed .pht mineral fiihnQ.

59. b .5 330.0 0.03!3 Healed Light wineral fillino.
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£4OFKPvaI"E A t L A. L S ,

Input Data

l U ' J ' ,T i• !.: ti '..'m 'ti - ',; .

[.2t•t •ot ri m aet A,:rn 2oint

co of Botcoa of Dip Wotr me .e~arks
F-•:ture FractZ re D E rectaor. 1 D r,.-,2,s

E 1 En6 ot v2eotap2n, c•cina :n
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BOREHOLE ANALYSIS
Output Data

CI., 5 .E7'. C I.rfnCM Ct:ý I! c '4e. j

S L..t :,r fir 4 L,:., -44 ,_ - t .. ]L

Z~r-:!.i'.i c--e:,. m." N X

.--.. E;i l t. I - Ver.tical

Deoth Dip Dip Width of Joint
to Direction of Fracture Pgee ReCark

Fracture ou Fracture Fracture ilnches)S..... ..... .... ..... .... .........................................

Kost of boring lc;2ed ýrn
side wall ieivuin cat:era.
0-5 cas- n - 'Er:

and enlarged -rc, e,

! 82. 1.0342 .een No Oup Nw a uwet

. 74.6 0.0665 [per No up Direo_-cti, : .
,7 180.0 21.9 0.2319 Open

c M80.0 7. 0.125 Madg.,o Mna, KIM.-

"63.6 0.0278 feaiei No upn Lirectior -.uoted
Ligr.t .2fufe ai', .

"U.7. Top of cavity
rock cissiqg - Mri -

% 4 Bottom of caviy•.

43.8 72.8 0.0093 Healed ho Dip Direua1or ND-eR.
Light m:ncrai f .

44 s 77.3 0.0551 Open No Dio DirE-tior Notec

40.2 24.t0 79.9 0.0109 healed Lioht .....u fl .,

M 74.6 0.0166 Healed No Dip Directior NAjtdu.

Light ,ineral t1ir

54.B 240.0 77.3 0.0138 Healed
10-.f, U1.0 63.6 0. 055

57.5 Too of vertic:a.
tight, rt,, broker vAt Dv
drilling action.
Bottom o+-4 vertica; fracture.

64.9 Horizontal frazture, &per,
boring enlarged, cavtk noted,

04 Bottom of cavity.

77.2 10.0 7D.5 0. 0105 Healed Light mineral fi1lir.p.

77. 110.0 63.6 0.0278 Healed Light mineral filiing.

80.4 Top of cavity.

82.6 Bottor of cavity.

P7.1 74.6 0.093J Healed No Dip Direction Noted.
Light mineral filling.

29.7 315.0 63.6 0.0139 Healed Light mineral filling.

?0.1 330.0 74.6 0.0083 Healed Light mineral fillina.
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'CR-EH LE AC W LY•iL f-'

OLtput Data

+ DII ,'Wh dtt of r: -
o erDtt turRn R. .arks

Pacre of Fracture- F~ractu.re I hEhe5,

9i.•, Eno. of vadeo.tapint, :a-irc ir

ori rng.
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t5REHOLE ANALYSIS
Input Data

.- -,•t Name I LC U h . L.

I,'- S• . I z'(e NX

LJ.j~lHc .!L Viol I- t. 6' C-i.?r j. ii m u:-e. (icr er'tat: ion : Verti.cal

De:th to Deptn to Apparent Apparent Joint

Top of Bottom of Dip Width Type Renaros
Falture Fracture Direction llnches)

Most c: crinq bocvec fru

4t0 4.0 bctts L1, a, f ci.
6.! 6. water in ou aionogc -¢Tzra

healed fracture.

9.4 ,.2500 Open No Dip D'i s[tior NotE-t
'ýoriýz Cnta a I R-' nar i i zEll

Ro:l bror:en a2o1-0-c r r -
:7.: •.2 10.0 0.2;00 Open Partiall. open, rc' ,:r ag

fracture Diane,

.18.2 282.0 0.250" Open Fartý.aliy open, noc b
fracture odane.

It?,7 19.6 330.0 0.7500 Open Rook broken out an frac~ure pane.
220.1 20 Healed No Dip tirection Not.J.

7.72 7.2 0.0000 Tiqht No Dir. D1recti or, k od.

nHvt.•otdi rC a ir-e.
23.3 28.. 0.0300 Open No rip D,•zc .. - tt

28.3 29.5 90.0 0.1300 Open Brcver oe t n ,;s,.o acti on.
2. .32.1 0.0000 Tight N: Dip DireCri-. Nu C e.

Hairline.
35.B 35.9 N.,000 Tiqht No Dip r, lo .. n Not

Hairline.
35.9 6.2 240.0 0.1700 Open
"3b.3 7.3 To: of caity, rock ro-ker a cn

borir. wal!, t:rirO enianoud.
,.V 1 ,. Bottom of cavitv.

±9.9 49.9 Heaied. ho'iznrtal fracture.
cV -Top of slioht'. brocen cone, bonrin

s•aq.tly enlaroed.
¶4.O 54.0 Bottom of slightv brok.n.
56.6 56.6 lop of brCoenr zone, rot brokeF away

from bo-ing wail. boring eniaroed.
64.0 64.0 hottom of brocen zone.
65.4 65.4 Water level.
bb.7 67.3 0.1300 Open No Dip Direction Noted,
s8.5 68.7 10.0 0.0010 Hea!ed Hairline with liht minera: filling.
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B'R LrL- E ANAL YS IS
irnput Data

IvI

tor t i r c,. C'. T,:i.( ' • "

TP f 'otloa 04 DIP Width Typeaaak

f, ,of Dit rEn

broken. Coriflc ElA in-act. m•s

el larement.

7:a .3 % haed No Nr DNrertlon tvtc

Filled Kiltn rttx' dE,4rse, r~r
with thire aaeri.

.. ,,HEale o DiN D' reu tcr N e.

6ape.
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VOREHOLE ANALYSIS
Output Data

'l,-'1iCCt Inme : CLChi . I.Co NIt\1-.r 01n

Dril. Naie :t~ E' JI.IŽ
iti. iHojle Sizep NX

~r• 11 Hr .~ LOr iEn.rtationr : VP-rt cLa1

Depth Dip Dip Width of Joint
to Direction of Fracture Type Remarks

Fracture of Fracture Fracture (Inchesl
------------- -------- --------- -------- ---------------------------------------------

Host oi boring logged iror

side wall viewing camera.

4.0 Bottom of casing.

6.1 Water influx along horizontal
healed fracture.

9.4 0.0 0.2500 Open No Dip Direction Noted.
Horizontal and partially oris,
Rock broker along fracture plane.

17.5 120.0 70.5 0.0836 Open Partiallv open, rock broker along

fracture plane.
19.1 280.0 39.8 0.1947 Open Partially ooen, rocm broken along

fracture plane.

19.8 330.0 21.9 0.6957 Open Rock broken out along fracture plane.

2?.0 16.8 0.1197 Healed No Dip Directioa Noted.

27.2 0.0 0.0000 Tight No Dip Direction Noted.
Hortizontal and hairline.

23.3 16.8 0.0287 Open No Dip Direction Noted.

2B.9 90.0 78.3 0.0263 Open Broken out by drilling action.

32.0 16.8 0.0000 Tight No Dip Direction Noted.
Hairline.

35.8 16.8 0.0000 Tight No D i Direction Noted.
Hairline.

36.0 240.0 50.4 0.1084 Open

36.3 Too of cavity, rcck broken away ;rom
boring wall. boring enlarged.

37.3 Bottom of cavity.

49.9 Healed, horizontal fracture.
52.3 Top of slightly broken zone, boring

slightly enlarged.

54.0 Bottom of slightly broken zone.

56.6 Top of broken zone, rock broken away
from boring wallý boring enlarced.

64.0 Battom of broken zone.

65.4 Water level.

67.0 67.5 0.0497 Open No Dip Direction Noted.

68.6 10.0 38.9 0.0008 Healed Hairline with light mineral fillina.
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EIOREHOLE ANALYSIS
Output Data

1r-oc--.oct N\Lame : C k-,-h1-1.1 1.o r j ,e ro bjari

Dv iJ'i Hole Name- .:.
Dri" 1 Hol eI Si ze NX

, c- U Hc ý]e i (Jr i. ntat i on F--?ert ca.t

Depth Dip Dip Width of Joint
to Direction of Fracture Type Reaarks

Fracture of Fracture Fracture (Inches)

71.A lop of fracture zone, rock slightly
broken, boring wall intact, no
enlargement.

7..2 0.1002 Healed No Dip Direction Noted.
Filled with rock debris, receriented
with white material.

76.2 56.4 0.2•1 Healed No Dip Direction Noted.
Filled with mottled material.

77.1 Bottom of fracture zone, end of

videotape.
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! BOREHCOLE ANALYSIS

Input Data

PFrc tjc1,c t Name CLtc hi 1 1 c: Nect-. iJ
Ifil11 Hcle Name : 15
DI)••i! HoleIc Siz.e VIC!

.. .. le Or ientation Vertical

Decth to Depth to Apparent Apparent Joint
lop of Bottom of Dip Width Type Remarks

Fracture Fracture Direction (Inches)

31.8 31.8 Start videotape.

31.9 32.0 270.0 0.1250 Healed Light aineral filling.
347 43.9 60.0 0.1250 Open Partly filled with dark rtn.
34.0 34.5 260.0 0.0010 Healed Hairline with light mineral filling.

38.5 60.0 0.2500 Healed Light mineral filling.
5.1 40.0 225.0 0.1250 Healed Light mineral filling.
41.7 42.5 260.0 0.0010 Healed Hairline with lioht mineral filling.
47.6 49.3 270.0 0.0010 Healed Hairline with light nineral filling.
47.8 47.8 0.0 0.0010 Healed Hairline with light mineral filling.
4ý.4 50.3 260.0 0.0010 Healed Hairline with light mineral filling.
55.3 56.0 220.0 0.0625 Open Partly filled with lt min.
57.2 58.2 270.0 0.0010 Healed Hairline with light mineral filling.
52.0 58.6 270.0 0.0010 Healed Hairline with light mineral filling.
62.9 63.8 260.0 0.0625 Healed Light mineral filling.
64.3 64.6 270.0 0.0625 Healed Light mineral filling.
64.9 65.7 250.0 0.1250 Open Partly filled with It min.
'5.4 65.4 Water level
65.8 66.0 45.0 0.1250 Open Partly filled with It min.
b6.3 66.5 45.0 0.1250 Healed Light mineral filling.
69.5 69.7 60.0 0.0020 Healed Hairline with light mineral filling.
70.1 71.0 260.0 0.3750 Open Partly filled with It min.
70.7 71.8 260.0 0.1250 Healed Light mineral filling.
76.0 76.0 Fracture zone, numerous fractures

1I16 inch wide.
77.0 77.0 Bottom of fracture zone.

77.6 79.0 225.0 0.0010 Healed Hairline with light mineral filling.
77.9 79.0 60.0 0.0010 Open Hairline.
78.2 78.3 60.0 0.0010 Healed Hairline with light mineral filling.
78.3 7B.5 60.0 0.0010 Healed Complex and hairline with light

mineral filling.
78.6 78.8 60.0 0.0010 Healed Hairline with light mineral filling.
78.9 79.1 60.0 0.0010 Healed Hairline with light mineral filling.
79.2 79.6 60.0 0.0010 Healed Hairline with light mineral filling.
79.4 79.4 0.0 0.0010 Healed Hori2ontal and hairline with light

mineral filling.
79.5 79.9 60.0 0,0010 Healed Hairline with light mineral filling.

(
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BOREHOLE ANALYSIS

Input Data

AN L"o " c:.:I.•- C...c, L • :t•. .1 -L iA 0CQ r.--r.) It
Dr i 31-ci 1 t Name :15
Drill Hc)je Sizc : Hc.!

.r ±1 Hc.l.' Ori -t:ntDtion Verttical

Dsptr. to DePth to Apparent Apparent Joint
Top of Bottom of Dip Width Type Remarks

Fracture Fracture Direction (Inches)

80.0 8&.O End of videotapein;.

(
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60R~EHOLE A~NALYSIS
01-ItoL~t Data

H~~~ Q .ir

D]P Dip oidth of jiont

t o Direction of Fracture Tene RE, 1a F kS

Fracture oi Fracture Fracture ýIrches)
--------------------- --------- -------- --------- -------- ---------------------------------------------

MetartAeetaoe.

Ms60.0 32.4 L.1055 Won Fartly filled sith car'r mur.

34: 260.0 57.8 0.0005 Healed Hairline AS Kopt mis iun:09.

34 60.0 72.4 0.2MI Held ah mnralflig

5 250 7t0.7 0.0413 Healed ih ",nr~ali.I -

'b. 2 ,, 60.5 .0 0-04 heale r.arlie wit .' i TinErý ,

4127v 65b. o i"O4 ý:aled ~ '~~......

410 N 0 0L0 10.oO Healed Hailine- with ''t Can:Wig

4 9,8 260 70.7 0.'0003 HiE-a d -i'airle ýiitr 1 i;r,- ,.er1 1r.c

51 22 0 65.8 I.0W Open He , hie " "

577 27o.0 72.5 W.0003 Healed H-k&1ne Mith Kit ~r"Sn! '~

2703.0 0.. ~ i0005 Heai. .lr ~t i Kz

63 260.0 7M.7 &.20 W hume U t C2rE< h En

4 270.M 4.3.b C. 04153 H eal E-d L. ot t vr.e ra. f 6.1;

7 250. 0 625 0.48 Ope Patly KIMie W1 tn"

Sat 4 ater level,

,-q45.0 32.4 v. I055 3 ren Pr tlv ii. j c~1tt

it 45.0 W7. 00!M5 se ~a wqRU einerai, 1in

000 32.4 W007 Healed Hairhre Wt- l:;g: Mile- 4:11,v~

2 6 1'.0 70.7 0.,1239 SeLr o art~v fiilec wit'-i

- 260.0 74.0 0. 0,344 meteod -.;ht ira ':.

76.0F-actcra zcfle nrE Pan

7 8 225.0 77.3 0. 0002 H1ra Ied ý4alr:ifl kjt* 1.qrt C7.VEra:

71.9 WO. 32.4 0.000B 2"nr NoA: nre.

7R.3 60.0 17.6, 10010 HEM ed Ha&irline with 12Qpt Mreral KIlnq

79.4 boo0 M24 I.0M8 Healed Eaoloex aMn ,airline mWt Aght

72760.0 32.4 0.0008 Healed Havlire Mith hgnt mineral foling.

79.4 60.0 51.8 0.0006 Healed Hairline mitth ,ig~ti finera,

797. 4 U. 0 0. 0 MOO1 Healed Horizonta± ana ý,airline P,.tl ~r
ivneral filling.

7;.7 6O.0 473.6 0.0007 Healed Hairline with light zine'ail f:ilin5
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Out , ut Data

E C

o D re::t inr= ou Patore TVoe .':emarks
Fracture oK Fracture Fracture (rhs
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BOREHOLE ANALYSIS
InDL!t Data

4!1 -D I L Siie :

e.. F.j• atIorn Ver-tiical

__nt. to Depth to Apparent Apparent Joint

TOp of Bottom of Dip Width Type Relarks

;ýt're Fracture Direction (Inches)
----- -------- --------- --------- --------- -------- ---------------------------------------------

. 30.8 Start videotape.
7i.0 Bottom "4 casion.

LCativy, rok bfc', en tck. c,:no
cr1 aroed.

4. 344 Bottom of cavity.

37.1 225.0 0.0010 Healed Haircne with liopt gmnerai - i:e0.

- 44.2 210.0 0.0010 Healed Hairlire with hirht iner r.r.

240.0 0.2500 Open 'art'v fiL•t witr i,
.0..3 225,O 0.001 Healed Hairline with light aineaii

-. 1. 45,0 0.0010 Healed Hairline with oari meine-al a.

5 60.0 45.0 0.0020 Healed Hairline with dark mineral !

61.3 270.0 0.0010 Healed Hairline with dark einrP, n -o.a I

6v. 260.0 0.0010 Healed Hairline with dar: einerai .

-j,• 77.2 0.0020 Healed Nairine with loh: •inerai fit :n•.

B 77,5 225,0 0.1250 Healed Sark Mineral fillinQ.
. 225.0 0.1250 Open Partly fiIled with it .

1 05.3 60.0 0.0020 Healed Hairirne witt liaht rineral f n.

5. , 5 Water 1evel,
,,b. 7 15.0 0.0010 Healed Hair~ine wit' liht mlnera. f 1 n o.

.7.8 15.0 0.0010 Healed Hairline with liQht tineral filin.

116.9 108. 1 225,0 0.7500 Healed Light ainteral f!ili n.
. 10i.5 60.0 0.0010 Healed Hairline with liptt Mineral 4ii.

101. 180.0 0.0010 Healed Hairline wltf light nere-a +iig,

"112 .0 Top of iracture z:ne, 4ractvreS

range froc hairline tc iFE inc) 116e,

-ip nirection 150 eQrceeS, angE-1E C- ,

7 117.3 BEtto of fracture :one.
, End C4 videOtaron;.
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9St REHOLE- A4NA4 S S
Out'puit Data

x r 1 L 'Ivi .

Ept " p W~dtt, of J c.in t
tu ri rE, t of Fracture Type Reaks
F~a:~L r itL'Te FrLEture i~rcoes)

~lj* oStart videotaoe.
c, rt tl opcf I.-a s TD.

74Cavity, rock croker. b-tac ncr ino

2~Pu Bttoc. 0; tavity.

AA-,, '' Healed rar9i t

4. e Ed ,r,. , r-E

.3 44 % teld ari- n~ daT' p
7 4 ealCed h Hirir ~ r , czterd

-I Q-,u ealed H a ;r i ne w it nj r .ii'e' a''

*Za '.- I eald HairIi r- Hi t dory rircral

C.3 d I7 HHle HnizrTe nvtr koht *r 1nr z
"'512 ealIEd a !Mipa

Wat er lEve. -
* E-aled Hai r!ine mi ttI 1 cflt c;- r-a 4. 1

q ~ ~ ~ .' HEalIEd ra1ri ne w it,, 1220t 5i ri-rdl t' j. i
7 cý '0' HeLalt advea fii 1ng.

41 'Ao 0.~ Hea' Ed Hairline n.th 1h00t mnineral#:l! o

rHa rhre rm ,~ a , 1 !C c

117. 3) ottoi, oi fracturezoe
11;.-d EM of cectaninpq.
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BOREHOLE ANALYSIS
Input Data

L~r-; i I :. Na4 e : 1.7
b••~~~~ ~~ ti e••l H~~r' r : Ertica

zety to Deth to Apparent Apparent Joint
Top of Bottos of Dip Width Type ienaras

Fra:týre PraCtLre Direction (Inches)

!9.1 Begir. vioeo:ape.
2.2 22,2 ottomr of casing.

15 37. Z 60, 0 0.2000 Open Sarrcoiuning rocv slightly :rcren.
.2 7.4 . 0.2500 Open Nt s ie • -r

. ) 3S.6 90.0 0.0010 Healed Tight
M?. 3.5 Trjý Of trcwe.- area. :t side, D-

boring bro-"en o-t, c-cab;, c=, t:
drolling action,

. 40.s Botto.u I of tr:ken area,

47.2 45.2 Too of r"uoh and s. lo;, nt "'r area.
44.0 44.0 Bottom of rougs gnc Q:p :ve• a e;.
48.9 49.1 0.0 0.0010 Healed Tiqht.
4.7 51,,.. 270.0 0.0010 Healed Ticht.
54.Z 54.8 270.0 0.0625 Oern Partiali1 6l eo, -:cI ýe ajar:

frasture plane.
55.2 90.0 0.0010 Tight ýairjinE.
.5.9 9(1.0 0.0010 Tiqht .... "

M.. 5M.4 210.0 0.1250 Open Partialh heaCM tc coe 10 ich

"teaon• te M in, g".
57. 5 B.9 10.0 0.0010 Healed Light siner a 1 dl i'i.
61.4 •2.4 80.0 0.0625 Healed Light mneral filli;g.

64.8 64.8 Water level.
64,1 65.4 290.0 0,0625 Healed Light %inera: .
A4.7 66.0 300.0 0.0625 Healed Light rinera: fillln;.

.5.9 45.0 0.0625 Healed Lignt mineral fillinc.
7.b 67.7 45.0 0.0625 Healed Lioht aineral aiilin•.
7.,9 62.1 0.0 0.0625 Healed !ioht irneraI t:iý n.
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E E-EHULLE ANAL YS -

Output Data

!1 w .1 1 ."ý.'q

b"An. -MVA io .. WI :D

I' P' I _ tro rin

t) Directior of Cractue Type Remarks

Fracture o4 Fracture Fracture KIrchesi

it. I egmn videotape.
2.2 Bottora of CasiQg.

66. ;. 439 pen Surroundl rock sli brow.

313.x 910> V4 M'.•' .i~l Upon Nort SAOe A• ... MY ri NOl YOU. M•.' ut"9. 0 4 0 Sg Hea±et Tight

.TN o.f aoer oE-. -ortt - r

bcrino troet out. oao'ab!v nue .

; ndrlihnro action.

W r Bocta o af Erea.
42 Top of rouqt anm :=oiht* t-rsef. pea.
-, Bottoe of mount anM kht, t p. aea.

2. . 4 0. 0 mEaIed Tight.
5 2 , Heaed Tioht.

545 209 '3 M u Gor Partia~ fll edMa rocL Vorer n
, fracture plane.Haiine.

Ml 9w !% QlNI iAt WAV.:TE.f,. 2. Tin:rt rHail r , e1 .

5. .V 2 10% 0 ' 0 135• . cOL Partially realed to cpen. i:4 r.zh
tealed to i/4 i:nh open.

53.M 10.0 72•.5 K 003 Healed Light aineral li0 in,.
!.'. RN 0. 132 healed Liont wneral falipo.
4.Be Water level.
&4 .8 '9(;. 76,4 .147 Healed Light hýr.erai filirng.

7?.. 5 0. : $14 Healed Lioht • uireral jii1mne.
5-? 45. 0 7.6 % Healed Light ýineral fli•inr.
7..7 45.ý 7 . 56% Healed L '1t tineral f+,.1no.
6. . 2.o4 0. 0528 Healed 'iaht rnEeral f'lling.
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'UFEHOLE ANALYSIS
Input Data

r 0 -1 t PJ:-rne- U!:~I~rL~.;;

Lr.• I .;I*_e Name 18
j ~r -1c 'o Size i: L!

•.•'i ~ -if -H•eO i itation Vertlicai

De;th to Death to Apparent Apparent Joint
top of Bottot of Dip width type Re~arks

"Fracture Fracture Direction UInches)

1-. :4.4 315.0 1.5000 open Broken back !rr: Woie Nail.
60.0 1.!250 fOer Eroken bac- fraf tole *ail.

S. .. Top of broken zone.
: 24.3 Botton o; troken :ane.

920.3 6.0 0.0010 Heale" Light eineral fillirn.
27.9 0.0 2.0000 O-en Broker back froa nole *&I.

C. 2;.c 27C.0 0.1500 Oeen Partly filled with It evf.
.35. Too of brcken :Coe.

3ý.' 38.1 Bottom of broken None, alpezr: CDan.
Ar.6 41.4 135.0 0.0010 Healed Liqht eineral fi1mn•.
4.9 41.9 195.0 0.0010 Healed Lioht emneral fii!in•.

. 42.6 330.0 0.0010 Healed Light Fineral fiillno.
44.3 270.0 0.0010 Healed Light mineral filling.

£4.1 44.e 170.0 0.0010 Healed Lig.t mineraŽ ilirg. o4:ci:uui.
44.4 46.5 45.0 0.7300 Pealed LUght m~neral fi~lirig, irreO!a2r.
42.4 47.0 200.0 0.0625 Healed LIh a~neral fllirq. d~mrrrtir~os.
53. !53.4 45.0 1.0000 Healed Froken, trecclated zone.
53.b 53.9 40.0 0.0010 Healed Licht mineral fill~no.
54.1 54.1 Verticai fracture, irreoular.

discontinuous, 114 incn to )inch

wide, healed with light eineral fillinc.
55.9 55.8 0.0 0.0010 Healed Zone of about 5 horizontal fractures

with light mineral filling, irregular.
5.9 60.1 75.0 1.5000 Healed Light mineral filling.
52.3 62.6 50.0 0.0010 Healed Light mineral filling.
52.5 62.5 Nater level.
52.8• 3.2 240.0 0.0010 Healed Light mineral filling.
63.2 60.5 270.0 0.0010 Healed Complex fracture with liqht aineral

filling.
64.7 64.9 45.0 0.0010 Healed Light mineral filling.
55.7 66.1 270.0 0.0010 Healed Light mineral filling.
hS.O 69.0 Hairline, tight, vertical fracture

noted, disrontinuous, exact orientation
unavailable.

09.2 70.3 180.0 1.0000 Healed Light mineral fillinq.
70.1 70.9 270.0 0.0010 Healed Light mineral filling.
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PLJREHOLE ANALYSIS
Output Data

c.. Dr!..n t at i on V ,-rt i c al

tepth Dip Dip Width of Joint
to Direction of Fracture Type ,ea

Fracture of Fracture Fracture (Inches)

14.2 315.0 51.8 0,.?283 Open Bren UdLC Pom nole all.
W6.3 60.0 17.6M 1. 03 Open Broken 'at Wron- h al
19.9 Toep of roe z .
2n.C 3otto, , ,oýen zc e.
2,2 90. 32.4 0.ON Heated Liot sne-a famc.
M, 0.0 32.4 1.6887 Open o

j 271.0 74.0 0.041 Opeerar!

3110 To; A y er mr e,
31. i o'ttom C4 proken' Z-,n. ' :e' - :sEE?

4!.! 135.0 62.3 0.0005 Heaied _1g.t 7Peral 4ii'i 1
41.4 195.0 72.5 0.0003 HealE L.ht 'nera fi ;.
M 33..0 81.0 0.0002 Healed Apt mineal f'W ..
43.8 270. 0 72.5 0.0003 Nealed M Apt ne l hrY.
4 4.5 70.0 68 0.0004 Healed 141t r n , K ito.
W6.5 45.W 17. 0.7149 Healed Li nt .neral i in. rme a-

4 .7 200.0 62.3 0.0,291 Healed A ?ht i sne : -ilin.- n:-r : -- _,
5..3 45.0 17 09522 eeled loaen. m'o-i-es z,
5,.8 40 0 43..6 K.0007 Healed 'A rcr .54. 1 .. t...*dcur5M Vrti:a, fracture. '~na

discontinuous,5 ; inc,-: t i-

,tide, 'ealc , t v iP. . ..
5o. N.o M . vu Heated Zone of amout 5 hront ratures

with iiont mlnera ' Mg, i-epi.c:.
t.. 75.0 32.4 1.2665 Healed Lit Mnerar fclin
" 5 50.0 43.6 NOW Meaied Light airerai fiig.
0Z5 WA--ow

0 240.0 5!.8 0.0006 Healed Li apt ,a2rA &Nag.,
6 7. 270.0 43.6 0.0007 Healed Lorele., *r,actre witr. light Zi¼eraI

filling.
p4.8 45.0 32.4 0.0008 Healed Liqht sineral fillrc.
65.9 270.0 51.B 0.'0006 Healed Liort riineral tilinQ,.
60.0 Hairline, tiht ,ertical fractnre

noted, discontiruo,.is, 9:act a;
una.ail abie.

69.8 180.0 74.0 0.2754 Healed Light mineral fillino.
70.5 270.0 68.5 0.0004 Healed LigOt m;,eral fillinq.
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BOREHOLE ANALYSIS
Output Data

Lt 1 r~rcŽ Lir
I H£Fic.. ~ .....f~ -

r ~th •I utr 0 Joint

to Dire:tan F-actere 7vpe Remarks
Fr ac t,r Foactre Fracture Lin~ee)

-------------- --------- -------- --------- -------- ----------------

0..C oi.01o Healed Horizontal with lioht tineral tilling.

4. 27•. 57.2 -.a0o5 Healed Light mineral filling.
1. 17.6 O.t286 Open

... O B 0.0005 Healed Light mineral filling.
7. .• .0008 isealed Lioht mineral filling.

7.. ,.( "2.4 " 0.0253 Healed Light mineral fillino.
V 0.0751 HealeC Light mineral filling.

L.. Cu0. 57.+ 0.00I5 Healed Light mineral filling,
ES, ... Z.C U.0O0! Healed Light mineral filling.

Broken zone, ro:k broken baCk fror
boring wall, appears rough.

0 Bottom of broken zone.

...0 5.(. 0.5L M Open hori:ontal, 114 to 1/2 inch widf.
+ ...o.... •.07, Cper ~Prtly filled with light and dark

tineral filling.
S.. ..u0 Open Hori:ontal, partly filled with dark min.

-)* S End videotape.
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'D'FE:'0LE ANALY-IS
input Data

j' r ~ LhiI.I

eo o Deoth to AD~arent Apparent Jonint
, f oto of Dip Width Type Remarks

~:ue Fra:ture Direction f !nhes)

Dorir no 1 'Q.ed wi th front i eiw --af.ird,
noD or r, t at ,or, ait L 4a 01e,

Be.i - ecape top

zone, bor.inp enia;rqed
80. 0010 Healed Fillea 4ith 1101h+ InneraL, twe

45 degrees to borenoje.
jlý Bottom~ oi hilihlk broker, Zone.

loip o' bro~:en -or-e.

Bottom of brce oe
4 53 4 01.5000 'LP e P Horizontal . r,-,- tr o~r-E alz t u ~ ra:

11-6 5 7 70.,1250 Healed L i oht F,,i rer a, i r. q .
.70.5000 Open Horizontal, cczk -roen, alo~ri '

Plane.
L ~ ,01250 Healed Licht 'EJnral f~io

J 7 4.'0.5000 0Op en Roc, k b r o fen so r.o f ract E- ia r R
5,4.I '4.5 0.2500 ro e r Part1Vr fi'let, 0ith it cin.

r, C To` of hi ghlv ,rcen rQe -n

enila-ged.
IC. 6 Bottcen z'f torer zone.
17. eyC,.J,' u.u lop ofý hig'nfv broh.er zoE.to-nic

er' arqed.
60. otOf~ oE roen zonE.
bi.0 ToP of elotl rokert :one. n~

eniarome
C 1.4 tof o sliq~ntl'. bro~:er zone.

6!.7 Ton of moderately broken zzone. to-nirý
Ceri ar~ed.

b230.0010 Healed Dark Mineral filling.
-62 62.6 irop of hignrl. b~oher, zone. boring

grEatly enlarged.
66.b 6b.6 B'ottom of hiqhlv broken zone.
6b. ' 66.6 0. 12150 Healed Mint lreral filiino.
6b.7 6b.8 0. 12 Healed Light mineral 4illing.
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L4 0REC:HO LE ANL, I S

input Data

Iij 7 1,.... .. ..... . .t

to Darenrit Mpoarer.t Joint

o - Botoo. & tip oidth Type Retarks

U Fra .Tturo r: Ch le Ee s

enlarged.
6.2' •_9...2 2.0010 healed Dark M=inrer al' filina.

...., 10 Heaed Dark Minera! ii1: •q.

Bottom of higlQ b roen Zn.
7.' of hi4hly trcer; -one. 0or o

?:• 7 :.211' C~ •ioseo Tight.
•:• • "..2, tDCioeu ioh+.

Bottoac L n xh 1v troeCr :ore.
T v e ia ' EIr, . toed

0int t u. :u'

I o- .- broilEr, zone - ori
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.EA'rKEHOL~E ANALY3SS

Output Data

¼- 0c; Name r ..uch - . U ..... Don,

.;-j*ii ri. ( UFia C Vert i.

Le, .t Dip Width of Joint

to Direction of Fracture TyIe Reaaris

Fracture of Fract-re Fracture (inches)
-------------- -------- --------- -------- ---------------------------------------------

Boring logged with front view cacera,
no orientationi- a"a"•at1E.

Begin videotape, top of Casing.
AS Bottor, of Za:ngt -' C

zore, bcrinc e .. e...

4.b ".XOO7 Healed Filiec with :1 -r -inerl. t*5

fractures Atmernr at rin RK -
45 erees tu bor-oee.

"Bottom of vbroen I -'e.

A - Top of 3roken Zone.

5 .... Fottoc ai broaden zone.

0 .. u. 500f) Open .ri..n , •t* oven * .dQ ..e

plane.

517. C..1,- Healed Litht eneral fW n.f.

517 0.0 0.500M %er Horizortal row t•roer, ;lo-O lraceure
plane.

3..3. 1,7,b 0.113, Healed Light mzrera. fil y.

5.1. 51.8 0.3094 Loen Rock brOVKen aon" ftacturt ;are.
""324 0.21 Open Partly filled witr it Sin.

CA C 
To; of ioltrez2ornE. crorl;

P't..)"

enlarged.

5t.b Bottor, of brokern zone.

51A Top of hi..hly brover zone. bor;nl

eniarqed.

10.7 Bottol o0 troker zone.

:' .:) Top of el; r'l•',,rcx.-en zone. :,rno

enlarged.
Bottom oa slioqttlv roer Zone.

6.W Top of aderatel. Dr:'-:rer :05ne, bvrir,

enlarged.

62.2 32.4 0.0008 Healed Dark Mineral fillina.

62.6 Top of highlv btrolen zone, norir,

greatly enla'ge,.

6".6 Bottoa of high!, broken zcne.

E6.6 17.6 0.1191 Healed Light mineral fi1rg.

Wo.8 17.6 0.1191 Healed Light mineral filling.
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BOREHOLE ANALYSIS
Input Data

FrC. i , t Nare L.t i 1 J. o NieorC::' La-

Dr I Ho I 4ole Name CN-9

Drill Hole Si Ne 'N

Lo i F n -e Dr ier-tat on Ie-t i aI

Depth to Depth to Apparent Apparent Joint

Top of Bottom of Dip Width Type Remarks

Feature Feature Direction ilnches)

"3.0 3.0 
Bot'om of overburden.

5.0 5.5 80 0.1250 Open Fracture on one sine of hole orly.

14.0 180 0.2500 Operl Appears open, may be broken by drilling

action.

0 0.0625 Open Opens into cavity below.

11.0 19.0 
Top of cavity. Goes beyonU camera

ranoe.

20.0 20.0 Bottom of Lavity.

22.7 22.9 90 0.0625 Healed Liqht mineral filling.

2.3 23.3 0 0.0025 Open

23.8 24.7 0 u.0625  Open Appears broken by drilling action.

4.7 21.- 270 012500 Open Appears broken by drilling action.

26.3 77.1 270 0.2500 Open

27.1 27.6 0 4.0000 Open Fracture very wide. Bottom coes bevond

I l'aits of camera lights.

54.2 34.5 40 0.0413 Healed Light mineral filling.
35.3 36.1 180 0.2500 Open Filled with lioht mineral.

37.3 38.5 270 0.7500 Open Partly filled with It min.

39.5 39.5 0 2.0000 Open Broken zone about 2 inches deep.

40.7 41.9 270 0.0050 Closed Partly fillel with 1t min.

43.6 43.9 45 0.0050 Healed Liqht mineral filling.

43.9 44.0 45 0.0050 Healed Light mineral filling.

44.6 45.1 45 0.0050 light

45.6 45.7 70 0.0050 Tight

46.0 46.3 15 0.0625 Tight

4.7 46.9 0 0.0050 Open

46.8 47.1 0 0.0050 Tight

50.6 50.9 80 3.0000 Open
53.5 135 0.0625 open

56.6 56.7 135 0.0625 Open Partially filled with It. mineral,

fracture is irregular.

56.6 56.8 135 0.0625 Open Fracture is vuggy. Partially open.

59.0 58.3 60 0.0050 Healed Light mineral filling.

53.7 58.7 0 0.0625 Open Horizontal.

58.7 59.1 0 0.0625 Open Merges with above fracture.

59.4 59.8 135 0.0625 Open
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BOREHOLE ANALYSIS
Input Data

Fro iect NarnE CLuchillo Neqro Daiir
Drill Hole Namne CND9
Drill Hole Size NX

Drill Hole Orientation Vertical

Depth to Depth to Apparent Apparent Joint
Top of Bottom of Dip Width Type Remarks

Feature Feature Direction (Inches)

5,.8 60.2 135" 0.0625 Open Same as above.
61.1 61.2 225 0.1250 Healed Light mineral fillinq.
62.9 62.9 Top of broken zone.
60.4 63.2 Bottom of broken zone.
70.2 70.3 45 0.0625 Open
73.6 74.3 180 0.2500 Open
74.4 75.0 315 0.0625 Open Irregular dip.
75.1 7..4 180 0.6250 Open Partly filled with It mir.
7b.0 76.1 45 0.2500 Open Rock broken alonq fracture plane.
76.2 76.2 Top of broken zone.
76.8 76.8 Bottom of broken zone.
79. 79.8 315 0.0312 Open
80.4 80.9 45 0.5000 Open
83.0 83.3 45 0.5000 Open
83.4 83.4 Fracture zone: numerous hairline frac-

tures with random strike and dip. IrreQ-
ular and open.

87.6 87.6 Bottom of above zone.
87.6 87.9 30 2.0000 Open Filled with broken material.
91.7 92.1 315 1.5000 Open Filled with broken material.
92.3 92.7 60 0.0625 Open
93.3 93.5 300 0.0625 Open
100.0 100.9 315 0.0050 Open Partially open and healed. vertical.

Fracture enters and exits from same
side of hole.

101.3 101.4 90 0.0050 Open Partially open and healed.
102.1 102.4 315 0.1250 Open Discontinuous.
105.0 105.0 End of videotaping.
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BOREHOLE ANALYSIS
Output Data

Frojci&ect Na.me Ctuc:hil. lo Neqro I Dam
Dr il Hole Name U CNIDc
D1rill Hole Size NX

n-i I Hole Orieritatiorn Vertic al

Depth Dip Dip Width of Joint
to Direction of Feature Type Remarks

Feature of Feature Feature Hrnches)

3.0 Bottom of overburden.
5.3 80 64 0.0556 Open Fracture on one side of hole only.

14.6 180 79 0.0469 Open Appears open, may be broken by drilline

action.
18.7 0 68 0.0239 Open Opens into cavity below.
!9.0 Top of cavity. Goes beyond camera

range.
20.0 Bottom of cavity.
22.8 90 39 0.0487 Healed Light mineral filling.
23.3 0 0 0.0625 Open
24.3 0 75 0.0166 Open Appears broken by drilling action.
25. 110 1 0J Appears broken by drilling action.
26.7 270 73 0.0741 Open

27.4 10 64 1.7793 Open Fracture very wide. Bottom goes beyond
limits of camera lights.

34.3 40 50 0.0263 Healed Light mineral filling.
35.1 180 73 0.0741 Open Filled with light mineral.

37.9 270 78 0.1520 Open Partly filled with It min.
39.5 0 0 2.0000 Open Broken zone about 2 inches deep.
41.3 270 78 0.0010 Closed Partly filled with It min.
43.8 45 50 0.0032 Healed Light mineral filling.
44.0 45 22 0.004b Healed Light mineral filling.
44.8 45 64 0.0022 Tight
45.7 70 22 0.0046 Tight
46.2 15 50 0.0399 Tight
46.8 0 39 0.0039 Open
47.0 0 50 0.0032 Tight
50.8 80 50 1.9130 Open
53.4 135 39 0.0487 Open
56.7 135 22 0.0580 Open Partially filled with It. mineral,

fracture is irregular.
56.7 135 39 0.0487 Open Fracture is vuggy. Partially open.
58.2 60 50 0.0032 Healed Light mineral filling.
58.7 0 0 0.0623 Open Horizontal.
58.9 0 58 0.0330 Open Heroes with above fracture.
59.6 135 58 0.0330 Open
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BOREHOLE ANALYSIS
Output Data

Froject Name : Cuchillo Neciro Dam
Drrill Hole Name : CND9
Drill Hole Size : NX

Drill Hole Orientation - Vertical

Depth Dip Dip Width of Joint
to Direction of Feature Type Remarks

Feature of Feature Feature (inches)

60.0 135 58 0.0330 Open Same as above.
61.2 225 22 0.1160 Healed Light mineral filling.
62.9 Top of broken zone.
63.2 Bottom of broken zone.
70.3 45 22 0.0580 Open
73.9 180 70 0.0836 Open
74.7 315 68 0.0239 Open Irrepular dip.
75.3 180 50 0.3985 Open Partly filled with It min.
76.1 45 22 0.2319 Open Rock broken along fracture plane.
76.2 Top of broken zone.
76.8 Bottom of broken zone.
79.6 315 64 0.0139 Open
80.7 45 64 0.2224 Open
83.2 45 50 0.3188 Open
83.4 Fracture zone: numerous hairline frac-

tures with random strike and cip. Irreg-
ular and open.

87.6 Bottom of above zone.
87.8 30 50 1.2753 Open Filled with broken material.
91.9 315 58 0.7912 Open Filled with broken material.
92.5 60 58 0.0330 Open
93.4 300 39 0.0487 Open

100.4 315 90 0.0013 Open Partially open and healed. Vertical.
Fracture enters and exits from same
side of hole.

101.3 90 22 0.0046 Open Partially open and healed.
102.3 315 50 0.0797 Open Discontinuous.
105.0 End of videotaping.
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DEPARTMENT OF THE ARMY
WALLA WALLA DISTRICT. CORPS OF ENGINEERS

BUILDING 602. CITY-COUNTY AIRPORT

WALLA WALLA. WASHINGTON 99362

REPLY TO

ATTENTION OF.

CENPWEN-GB (1llO-2-1906a) 25 March 1988

MEMORANDUM FOR: Commander, U.S. Army Corps of Engineers, Albuquerque District,
ATTN: CESPK-G (Mr. Jim MacAdoo), Post Office Box 1580, Albuquerque, New Mexico
87103-1 580

SUBJECT: Results of Borehole Photography, Cuchillo Damsite

1. Enclosed are the results of borehole photography performed on three drill
holes located at the Cuchillo Damsite.

2. Results of interpretation include fracture orientation and equal area
polar plots of joints for each drill hole. A composite plot representing
all drill holes is also included.

3. Included with the report are the video tapes of the borehole photograpny.
This completes the requested work on this project.

4. If you have any questions or need future assistance, please call
Mr. John Roadifer, telephone No. 509-522-6776.

FOR THE COMMANDER:

Encl 4 fIý

EnEVI G1MMER, P.E./ Chief, Engineering Division
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Cuchillo Damsite, New Mexico
Borehole Photography

Prepared for

Albuquerque District
U.S. Army Corps of Engineers

By
Walla Walla District

U.S. Army Corps of Engineers

March 1988
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CUCHILLO DAMSITE, NEW MEXICO
BOREHOLE PHOTOGRAPHY

I. PURPOSE AND AUTHORIZATION

A. Purpose.

The purpose of this study was to determine the orientations and
aperatures of the joints and fractures at the proposed Cuchillo
Damsite. The results of the borehole photography are to be used to
aid in the design of the proposed dam.

B. Authorization.

The borehole photography work was authorized by the Albuquerque
District, U.S. Army Corps of Engineers.

II. SITE DESCRIPTION

Cuchillo damsite is located approximately 130 miles south
southwest of Albuquerque,New Mexico. The general geology of the
site is carbonate rocks that dip in a north-easterly direction at 20
to 30 degrees. A plan view of the site is shown in Plate 1. The
names of the drill holes used for the photography appear under the
actual drill hole designations in parenthesis.

III. BOREHOLE PHOTOGRAPHY

The borehole photography was performed during the week of 28
September 1988. Photography of six drill holes was attempted with
three of those drill holes being successfully photographed. The
photography was accomplished in all of the drill holes by using the
high resolution video camera for direct downhole views of the walls
and oriented video logs were obtained with the video camera in
combination with a conical mirror and compass. No water was
encountered in any of the drill holes. The following are the drill
holes that were photographed:

Drill Hole Attitude Direction I Degrees
from Vertical

CN-CH-l Vertical
CN-CH-9 Vertical
CN-CH-11 Vertical

IV. EVALUATION

The video logs were analyzed and the results of the
interpretation are shown in Appendix A. Each drill hole is
represented by the following:

- table of output data
- equal area polar plot showing joint poles and bedding
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features
- contour plot of percent poles per 1% area
- fracture frequency plots of all fractures and open fractures
- aperture distribution plot

Following the drill hole results there are a group of plots
representing the composite of all of the drill holes. These plots
include the following:

- equal area polar plot of all joint poles
- equal area polar plot of the poles of only the open

fractures
- equal area polar plot of the bedding features
- equal area polar plot of the percent of joint poles present

in each 1% counting circle used.

The plots indicate that there are two joint sets at the site.

The orientations of the two joint sets are:

DiD Direction Di)

Set 1 270 +- 25 degrees 70+- 10 degrees
Set 2 60+- 30 degrees 25+- 15 degrees

Joint set 2 is the same as the bedding direction and therefore it is
possible that a number of the joints that lie in that set are
actually bedding features that have been interpreted as joints. The
outcrops at the project site appear to display two very steep nearly
perpendicular joint sets that are themselves nearly perpendicular to
the bedding orientation. The results of the photography do not
clearly reflect this. TY -e are a scattering of steep joints
present throughout the thzee holes that could be part of the second
steep joint set. These joints all have orientations that are
generally dipping to the south at about 70 degrees. Since the holes
are all vertical it is possible that not enough joints were
intersected to effectively show this joint set.

The fracture frequency and aperture distribution plots should be
used as information only type data. The fracture frequency plot can
be utilized to see what the fracture spacing in the ground looks
like and the aperture plot provides some information on the
tightness of the rock to groundwater movement through open
fractures. As can be seen on the fracture frequency plots for the
open fractures the rock at the Cuchillo Damsite is generally widely
spaced and in the ground RQD measurements would be very close to
100%. The aperture distribution plots indicate that the rock is
very tight with most of the fractures having openings of .01 to .03
inches. This combined by the relatively wide spacing of the open
fractures should combine to produce low hydraulic conductivity
values. It is important to remember that the fracture frequency
plots are only indicative of the vertical direction and that the
fracture spacing could be much closer in a direction normal to the
orientation of the joint sets.
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V. CONCLUSIONS

The borehole photography of the three holes clearly reflects two
,oints and shows some indications of a third set with the following
orientations:

"" Direction DiD

Set 1 270 +- 25 degrees 70+- 10 degrees
Set 2 60+- 30 degrees 25 +- 15 degrees
Set 3 180 +- 40 degrees 70 +- 20 degrees

The borehole photography would have provided much better results
with particular regards to the third joint set if there had been
some angled drill holes present at the site. Vertical drill holes
tend to not intersect enough fractures or joints in near vertical
sets to clearly define them.
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APPENDIX A
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BORREHOLE ANALYS I S
Outtpuat Data

Project Name Cuchillo Damsite
Drill Hole Name CU-i
Drill Hole Size NX

Drill Hole Orientation Vertical

Data Death A zimuth Dip Aperaturt Joint
Line to of of Fracture Type Remarks
Code Fracture Fracture Fracture (Inches)

Photography begins at 120.5 feet

No water present in drill hole
1 120 61 266.00 78.87 0.0232 Healed Light mineral filling.
I 119.62 296.00 60.44 0.0296 Healed Light mineral filling.
1 118.28 76.00 31.60 0.0307 Healed Light mineral filling.
1 118.20 61.00 40.73 0.0455 Open
1 117 .62 90.00 71.60 0.0102 Healed Light mineral filling.
1 117.43 61.00 7.01 0.0357 Healed Light mineral filling.

Several small healed fractures.
1 117.07 266.00 61.00 0.0029 Healed Light mineral filling.

116.52 88.00 26.20 0.0108 Healed Light mineral filling.
2 parallel fractures.

1 115.52 281.00 56.61 0.0264 Healed Light mineral filling.
I 109.65 271.00 82.45 0.0236 Open

106.08 83.00 29.86 0.0416 Healed Light mineral filling.
Maybe a bedding feature.

1 105.56 336.00 69.72 0.0083 Healed Light mineral f§i.ing.
1 105.41 256.00 64.00 0.5786 Open Partly filled with It min.
1 10-3.70 116.00 26.20 0.0108 Open Partly filled with It min.
1 102.61 43.00 31.60 0.0102 Healed Light mineral filling.
1 100.98 201.00 64.00 0.0158 Open Partly filled with It min.
1 106.12 91 .00 22.30 0.0555 Open Partly filled with It min.
1 99.37 58.00 40.73 0.0273 Open Mostly filled with It min.

99.23 356.00 90.00 0.0331 Healed Vertical fracture.
i 98.40 221.00 44.54 0.0086 Healed Light mineral filling.
1 98.29 51.00 31.60 0.0204 Healed Light mineral filling.
1 97.18 56.00 22.30 0.0555 Open Mostly filled with It min.
1 95.81 71.00 31.60 0.0204 Open Mostly filled with It min.
1 93.10 111.00 37.92 0.0947 Open Mostly filled with it min.
1 92.38 46.00 34.88 0.1477 Open Maybe a bedding feature
I 91.38 !91.00 51.81 0.2226 Open Partly filled with It min.
6 90.97 46.00 39.36 1.1134 N/A Bedding feature
1 90.74 241.00 50.89 0.0038 Healed Light mineral filling.
1 89.09 281.00 62.07 0.0056 Healed Light mineral filling.
1 86.43 61.00 24.28 0.0109 Open Partly filled with It min.
1 84.80 16.00 24.28 0.0219 Healed Light mineral filling.
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BOREHOLE ANALYSIS
Output Data

Project Name : Cuchillo Damsite
Drill Hole Name : CU-I
Drill Hole Size : NX

Drill Hole Orientation : Vertical

Data Depth Azimuth Dip Aperature Joint
Line to of of Fracture Type Remarks
Code Fracture Fracture Fracture (Inches)

I 84.82 236.00 59.86 0.0030 Healed Light mineral filling.
1 84.46 31.00 36.43 0.0193 Open Mostly filled with it min.
1 84.12 76.00 52.69 0.0182 Healed Light mineral filling.
1 83.73 231.00 49.94 0.0077 Healed Light mineral filling.
1 83.30 246.00 24.28 0.0219 Open Partly filled with It min.

82.19 56.00 39.36 0.9279 Open Maybe a bedding feature.
I 78.51 161.00 64.44 0.0518 Open Partly filled with It min.

74.93 38.00 31.60 0.0204 Healed Light mineral filling.
I 73.93 26.00 70.27 0.0405 Open Fracture splits
I 73.03 206.00 68.21 0.2227 Open
1 70.60 346.00 20.26 0.0023 Healed Light mineral filling.
1 68.37 271.00 51.81 0.0074 Healed Light mineral filling.

Bottom of fracture :s estimated
1 66.25 263.00 77.50 0.0013 Healed Light mineral filling.
1 65.53 321.00 29.86 0.0520 Healed Light mineral filling.
1 62.74 41.00 40.73 0.1819 Healed Light mineral filling.

61.23 76.00 34.88 0.0984 Healed Light mineral filling.
60.26 '6.00 26.20 0.0323 Open Partly filled with It min.

1 59.93 78.00 36.43 0.0483 Healed Light mineral filling.
1 59.34 51.00 37.92 0.0284 Open Partly filled with It min.

Rock appears broken
1 58.10 361.00 55.13 0.1715 Open
1 57.31 56.00 45.71 0.0168 Healed Light mineral filling.
1 55.47 4b.00 9.32 0.1184 Healed Light mineral filling.
1 55.16 231.00 36.43 0.0483 Healed Light mineral filling.
1 55.23 176.00 66.09 0.0195 Healed Light mineral filling.
1 54.90 61.00 13.82 0.0233 Healed Light mineral filling.
1 54.61 156.00 16.02 0.0577 Healed Light mineral filling.
1 53.32 81.00 52.69 0.0073 Healed Light mineral filling.

51.70 31.00 37.92 0.0189 Open Partly filled with It min.
2 parallel fractures

1 49.07 71.00 55.13 0.0549 Open
1 48.15 81.00 33.27 0.0502 Open Mostly filled with It min.

Numerous small healed fractures
1 47.65 46.00 28.06 0.0318 Healed Light mineral filling.

47.57 106.00 31.60 0.0409 Healed Light mineral filling.
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BOREHOLE ANALY- S I S

Project Name Cuchillo Damsite
Drill Hole Name CU-i
Drill Hole Size NX

Drill Hole Orientation Vertical

Data Depth Azimuth Dip Aperature Joint
Line to of of Fracture Type Remarks
Code Fracture Fracture Fracture (Inches)

47.29 206.00 56.61 0.0013 Healed Light mineral filling.
S 4•.99 41.00 18.16 0.0114 Healed Light mineral filling.

1 46.55 76.)00 44.54 0.0171 Open Partly filled with It min.
1 46.54 276.00 18.16 0.0171 Healed Light mineral filling.
1 46.32 81.0)0 44.54 0.0:m86 Healed Light mineral filling.

46.17 221.00 I 82 0.1165 Healed Light mineral filling.
1 46.16 76.00 Z4.88 0.0098 Healed Light mineral filling.

45.79 141.0)0 51 0.1372 Open Mostly filled with It min.
1 45.49 56.00 -Z-92 0.0142 Healed Light mineral filling.

1 450.225 7 .0 cc.
5 7100 5 V1 0.0137 Healed Light mineral filling-

1 44.97 61.00 77.27 0.0201 Healed Liqht mineral filling.
1 44.33 66.00 76.47 0.0965 Open Partly filled with It min.
1 44.40 141.00 74.34 0.0648 Open Partly filled with it min.

43.89 256.00 59.86 0.0060 Healed Light mineral filling.
1 43.25 61.00 34.88 0.0246 Healed Light mineral filling.
1 47.01 81.00 29.86 0.0104 Healed Light mineral filling.
I 42.51 46.00 29.86 0.1041 Healed Light mineral filling.

S 42.29 231.n0 22.30 0.0056 Healed Light mineral filling.
1 41.66 5i.00 31.60 0.0204 Healed Light mineral filling.
1 41.41 131.00 33.27 0.0100 Healed Light mineral fillino.
1 40.97 51.00 42.06 0.0045 Healed Light minera: filling.

40.28 51.00 28.06 0.0318 Healed Light mineral filling.
1 40.67 266.00 77.04 0.0538 Open Mostly filled with It min.

-.40.08 51.( 39.36 0.0186 Healed Light mineral filling.
1 39.64 51.00 29.86 0.0104 Healed Light mineral filling.
6 39.15 41.00 24.28 0.0109 N/A Dark bedding plane

38.43 66.00 22.30 0.0111 Healed Light mineral filling.
27.65 276.00 67.54 0.1834 Open Partly filled with It min.

1 35.08 156.00 73.44 0.6841 Open Partly filled with It min.
. 53.00 46.83 0.0657 Healed Light mineral filling.

33.12 51.00 33.27 0.0401 Healed Light mineral filling.
1 29.45 11.00 0.00 0.0120 Open
1 26.86 71.00 55.13 1.3720 Open
1 26.27 i21.00 76.16 0.086 Open
! 2b.39 161.00 34.88 0.0394 Open
1 25.70 21.00 28.06 0.1059 Open PartlV filled w:th it min.

E-207



BOREHOLE ANALYS IS
Outxbput- IDaLt-a

Project Name Cuchillo Damsite
Drill Hole Name CU-I
Drill Hole Size NX

Drill Hole Orientation Vertical

Data Depth Azimuth Dip Aperature Joint
Line to of of Fracture Type Remarks
Code Fracture Fracture Fracture (Inches)

I 24,23 16.00 34.88 0.0049 Healed Light mineral filling.
1 23.95 116.00 33.27 0.0100 Healed Light mineral filling.

23.79 276.00 77.93 0.0753 Open Mostly filled with it min.
1 23.21 56.00 40.73 0.0091 Healed Light mineral filling.
1 22.94 86.00 18.16 0.1140 Open
1 22.62 46.00 28.06 0.0529 Healed Light mineral filling.

22.41 66.00 42.06 0.0446 Healed Light mineral filling.
21.90 76.00 26.20 0.0431 Open Partly filled with it min.

19.55 - 18.66 is a cavity
18.16 31.00 49.94 0.1545 Open
14.29 196.00 79.05 0.1824 Open

I 12.38 216.000 37.92 0.0095 Open
1 8.52 96.00 44.54 0.0855 Healed Light mineral filling.
1 7.81 76.00 13.82 o.0..3 Healed Liqht mineral filling.
1 6.82 91.00 18.16 0.0114 Open Partly filled with It min.

Photography ends at 6..3 feet.
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BOIREHOLE ANALYS I S

Project Name Cuchillo Damsite
Drill Hole Name CU-2
Drill Hole Size NX

Drill Hole Orientation Vertical

Data Depth Azimuth Dip Aperature Joint
Line to of of Fracture Type Remarks
Code Fracture Fracture Fracture (Inches)

------- -------- -------- -------- -------- ------ -----------------------------------
Bottom of photographvy Is 110.2
Rock appears broken

107.16 77.00 18.16 0.0114 Open
1 106.90 271.00 76.03 0.0116 Healed Liqht mineral fiA:i7c.
6 105.72 66.00 18.16 0.0114 N/A Beddina feature
1 104.28 136.00 22.30 0.0444 Healed ight mineral fiilling.
1 10-.83 69.00 20.26 0.0225 Healed Light mineral filling.
1 103.50 91.00 31.60 0.0469 Open Partly filled with it min.
1 I0:. 08 79.00 22.30 0.0555 Open Partly filled with It min.
1 102.46 86.00 24.28 0.1094 Healed Light mineral filling.

102.26 46.00 24.28 0.05- pen. , . ) 0 p pen
1 102. i0 91.00 31.60 1. 1533 Open Direction varies

101.93 66.00 28.06 0.0847 Healed Liaht mineral filli ng.
1 101.28 79.00 28.06 0.10212 Healed Light mineral {ililno.

2 // fractures as above
1 100.85 73.00 24.28 0.0547 Open Partly filled with it min.
1 100.20 71.00 2.30 0.022 Open

99.82 81.00 20.26 0.0450 Open Partly filled with It min.
1 99.30 91.00 33.27 0.0201 Open

99.01 336.00 24.28 0.0875 Open Mostlv filled with It min.
1 98.91 46.00 18.16 0.0342 Open Partlv filled with it sin.

98.50 53.00 2.30 0222 Open
98.15 86.00 22.30 0.0167 Oren Fracture irreqular

6 97.72 79.00 24.28 0.1641 N/A Beddinq feature
1 96.74 316.00 78.79 0.0023 Healed Liqht mineral fiiliin.

Generator stabilit,• oboems
making tape hard to Interpret.
Some fractures thru here but
cannot interpret them.

i 93.65 68.00 24.28 0.0219 Open
1 91.81 61.00 26.20 0.0323 Open
i 90.88 96.00 26.20 0.107,7 Healed Liaht mineral fillino.
1 85.44 66.00 29.86 0.0208 Healed Light mineral fi:ling.

_ 81.7 56.00 20".26 0.0113 N/A Beddino feature
1 80.57 58.00 28.06 0.3177 Healed Light mineral illing.
i -79.56 146.00 70.27 0.0041 Healed Light mine-ail fii i:nq.
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BOR~EHOLE ANALYS I S
OD ux tpu1> t, IDat a

Project Name Cuchillo Damsite
Drill Hole Name CU-2
Drill Hole Size NX

Drill Hole Orientation Vertical

Data ,eoth Azi t h, Dip Aperature Joint
_irE tc of of Fracture Tyoe Remaris
:cde F-a:ture Fracture Fracture (inches)

7 0 -8.16 .228 O-en Fart>ý filled witt it min.

Numerous fine heaIed fractures
6•. 66 C, 2.. ( 0.0311! Healed Licht mineral fillrno.

7 P.6 76.0 13.0 C)5I3 Omen Part-t filled witt, It min.
7.i .0 7o. G.067 Healed Light mineral ;iilii7.
. 24.268 ().0109 Ni-A Beddinc feature

C6 7 76. 0 V ,_-27 C1.201 7N A Bedding features
-. 03 51.2(_ 2.6 0.0113 N,'A Contact (Bedding feature.,
77. 0 - 56.00 10. 02 0.0115 Open
7 £2.26 241.00 C 7.99 0.0662 Open Vertical fracture

71.4 - 65.0 appears broken
* 64.!4 57.00 22.70 0.0111 Healed Light mineral filling.

64.21 71.00 22.30 0.0111 Healed Light mineral 4i11ing.
.61.00 20.26 0.05 Healed Liht mineral fillinq.

i 67.96 66.00 26.06 0.0053 Healed Light mineral filling.
i 6.53 46.00 26.20 0.0108 Healed Light mineral filling.

4 /N fractures as above
! 62.54 281.00 77.72 0.0383 Healed Light mineral filling.
1 62.21 61.00 20.26 0.1126 Open

62.06 69.00 16.02 0.0115 Healed Light mineral filling.
61.73 71.00 64.44 0.0104 Open Partly filled with It min.

1 61.51 61.00 18.16 0.0228 Open Partly filled with it min.
1 61.21 63.00 24.28 0.0547 Healed Light mineral filling.
1 58.34 233.00 73.05 0.0035 Healed Light mineral filling.
1 58.40 66.00 3..27 0.0502 Open Mostly filled with It min.
1 57.91 257.00 74.84 0.0314 Healed Light mineral filling.

57.17 291.00 73.99 0.0331 Healed Light mineral filling.
6 57.12 96.00 28.06 0.2118 N/A May be a open fracture

55.90 269.00 68.53 0.0044 Healed Light mineral filling.
1 54.71 49.0' 9.32 0.0118 Open Partly filled with It min.

53.80 296.00 80.45 0.0398 Open Mostly filled with it min.
5-.68 96.00 33.27 0.0201 Open

1 52.81 241.00 46.83 0.0041 Healed Light mineral fillir.g.
1 51.66 91.00 83.65 0.0066 Open Vertical fracture

Partly filled with It min.
Fracture splits
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BOREHOLE ANALYS I S
Output Data

Project Name Cuchillo Damsite
Drill Hole Name CU-2
Drill Hole Size NX

Drill Hole Orientation Vertical

Data Depth Azimuth Dip Aperature Joint
Line to of of Fracture Type Remarks
Code Fracture Fracture Fracture (Inches)

1 51.16 151.00 26.20 0.03 Open Partly filled with It min.

6 49.68 69.00 45.71 0.2514 N/A May be an open fracture
1 48.63 101.00 22.30 0.2221 Healed Light mineral filling.
1 47.88 56.00 29.86 0.0208 Healed Light mineral filling.
1 47.55 291.00 71.76 0.0038 Healed Light mineral filling.
1 47.00 71.00 26.20 0.1077 Healed Light mineral filling.
1 46.46 46.00 18.16 0.0570 Healed Light mineral filling.
1 45.79 66.00 26.20 0.1077 Healed Light mineral filling.
1 45.65 53.00 24.28 0.0328 Healed Light mineral filling.
1 45.49 61.00 22.30 0.1110 Healed Light mineral filling.
1 44.58 59.00 31.59 0.0204 Healed Light mineral filling.
I 43.48 46.00 37.92 0.0189 Open Partly filled with It min.
1 42.88 96.00 28.06 0.0106 Open
1 42.57 86.00 20.26 0.0338 Healed Light mineral filling.

2 // fractures as above
1 42.17 66.00 20.26 0.1126 Healed Light mineral filling.

2 /! fra:tures as above
1 39.09 71.00 26.06 0.0212 Healed Light mineral filling.
1 37.05 53.00 13.82 0.2330 Healed Light mineral filling.
1 36.62 91.0U 62.58 0.0166 Healed Light mineral filling.
1 36.49 81.00 64.44 0.0052 Healed Light mineral filling.
1 36.51 68.00 20.26 0.0225 Healed Light mineral filling.
1 36.16 56.00 24.28 0.0219 Healed Light mineral filling.

Some very faint healed fracs
t 35.46 351.00 18.16 0.0057 Healed Light mineral filling.
1 34.90 366.00 36.43 0.1448 Healed Light mineral filling.
1 34.21 61.00 36.43 0.0097 Healed Light mineral filling.
1 32.78 281.00 65.70 0.0247 Healed Light mineral filling.

Numerous // fractures: closely
spaced

6 29.82 22".00 52.69 0.0073 N/A Contact (Bedding feature)
1 29.61 36.00 26.20 0.1077 Open
1 25.92 63.00 26.20 0.0215 Open Partly filled w:th It min.
1 25.44 166.00 9.32 0.0355 Healed Light mineral filling.
1 25.30 56.00 26.20 0.0108 N/A Bedding feature
1 23.70 56.00 22.30 0.0222 Open Partly filled with It min.
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BO1RIEHOLE ANALYS I S

Project Name Cuchillo Damsite
Drill Hole Name CU-2
Drill Hole Size NX

Drill Hole Orientation Vertical

Data Depth Azimuth Dip Aperature Joint
Line to of of Fracture Type Remarks
Code Fracture Fracture Fracture (Inches)

1 22.32 261.00 74.17 0.0033 Healed Light mineral filling.
I 20.59 71.00 22.30 0.0111 Open

20.1 - 18.2 apDears broken
6 17.37 66.00 18.16 0.0114 N/A Bedding feature
1 16.60 46.00 34.88 0.0197 Open Mostly filled with it min.
1 16.22 33.00 26.20 0.0215 Open Partly filled with it min.
1 15.25 96.00 16.02 0.1730 Healed Light mineral filling.
1 14.96 206.00 45.71 0.0168 Healed Light mineral filling.
1 14.54 76.00 44.54 0.0086 Healed Light mineral filling.
1 14.19 41.00 20.26 0.0056 Healed Light mineral filling.

13.97 201.00 34.88 0.0096 Healed Light mineral filling.

1 13.95 131.00 13.82 0.0117 Healed Light mineral filling.
1 13.87 71.00 20.26 0.0113 Healed Light mineral filli ng.
1 13.59 181.00 55.13 0.1372 Open Mostly filled with it min.
6 12.92 71.00 26.20 0.0108 N/A Bedding feature
1 12.20 61.00 33.27 0.0201 Open
1 12.07 81.00 59.26 0.1227 Open Vertical fracture

Partly filled with it min.
Ii.00 51.00 26.20 0.0215 Open

1 10.72 58.00 24.28 0.0109 Open
6 9.74 61.00 13.82 0.0117 N/A Bedding feature
1 8.15 73.00 36.43 0.0097 Open
1 7.92 76.00 33.27 0.0201 Open
1 5.29 71.00 3.3.27 0.0603 Healed Light mineral filling.
1 4.62 301.00 73.24 0.0346 Open Partly filled with It min.

Photography ends at 4.0 ft
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BOI:EHOLE ANALYS I S
aOAutpur 1 t- DCa t-aL

Project Name : Cuchillo Damsite
Drill Hole Name : CU-3
Drill Hole Size : NX

Drill Hole Orientation : Vertical

Data Depth Azimuth Dip Aperature Joint
Line to of of Fracture Type Remarks
Code Fracture Fracture Fracture (Inches)

Start photography at 96.7 feet.
1 96.37 241.00 61.55 0.0114 Open Mostly filled with it min.
6 95.59 46.00 28.06 0.0106 N/A Bedding Feature
1 94.93 221.00 53.54 0.0143 Open Mostly filled with it min.
1 72.65 264.00 69.44 0.0084 Healed Light mineral filling.
! 91.58 271.00 63.07 0.0544 Healed Light mineral filling.
1 91.04 251.00 62.58 0.0829 Open Mostly filled with It min.
1 88.83 259.00 70.79 0.0197 Open Mostly filled with it min.
1 83.43 251.00 69.44 0.1686 Open This is bottom of a cavity.

Cavity to 82.08 feet.
1 79.37 256.00 64.87 0.0510 Open Mostly filled with It min.
6 79.03 49.00 29.86 0.0208 N/A Bedding feature
1 79.03 49.00 29.86 0.2602 Open Partly filled with It min.
6 74.19 49.00 39.36 0.0093 N/A Bedding feature

Appears broken
72.06 261.00 69.72 0.0042 Healed Light mineral filling.

Bottom estimated
1 70.78 271.00 67.88 0.0090 Healed Light mineral filling.
1 65.53 291.00 74.84 0.0031 Healed Light mineral filling.
1 64.49 59.00 34.88 0.0098 Healed Light mineral filling.
1 64.06 59.00 76.30 0.0028 Healed Light mineral filling.
1 57.75 273.00 42.06 0.2228 Open Mostly filled with It min.
1 57.30 311.00 67.54 0.1604 Open Mostly filled with It min.
1 56.37 216.00 70.79 0.0987 Open Mostly filled with It min.
1 55.36 73.00 33.27 0.0100 Healed Light mineral filling.
1 53.21 56.00 24.28 0.0022 Healed Light mineral filling.
i 51.55 66.00 33.27 0.0050 Healed Light mineral filling.
1 50.88 119.00 46.83 0.0164 Open Partly filled with it min.
1 50.24 271.00 72.64 0.1432 Healed Light mineral filling.
1 48.12 46.00 39.36 0.0186 Open
1 46.75 281.00 75.15 0.0769 Open
1 45.89 91.00 31.60 0.0307 Open
1 41.31 231.00 57.31 0.0130 Healed Light mineral filling.
1 39.98 43.00 28.06 0.0318 Open
1 79.65 261.00 67.54 0.0023 Healed Light mineral filling.
1 38.55 96.00 28.06 0.0053 Healed Light mineral filling.

Page I
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BOREHOLE ANALr-IYSIS
Oux t- puI t: Da=x t-a

Project Name Cuchillo Damsite
Drill Hole Name CU-3
Drill Hole Size NX

Drill Hole Orientation Vertical

Data Depth Azimuth Dip Aperature Joint
Line to of of Fracture Type Remarks
Code Fracture Fracture Fracture (Inches)

1 37.57 276.00 67.54 0.0046 Open Partly filled with It min.
Fracture splits

1 37.15 41.00 37.92 0.0189 Open
1 35.96 39.00 42.05 0.0089 Open Partly filled with it min.
1 34.35 56.00 29.86 0.0208 Healed Light mineral filling.

2 parallel fractures
i 33.75 58.00 28.06 0.0318 Healed Light mineral filling.
1 32.47 49.00 16.02 0.0231 Open Partly filled with It min.
1 71.31 41.00 39.36 0.0371 Healed Light mineral filling.

2 parallel fractures
1 29.38 26.00 33.27 0.1003 Healed Light mineral filling.
1 28.88 56.00 33.27 0.0201 Healed Light mineral filling.
1 27.66 56.00 36.43 0.0965 Healed Light mineral filling.
1 26.92 49.00 29.86 0.0520 Healed Light mineral filling.

2 parallel fractures
1 26.29 51.00 28.06 0.0529 Healed Light mineral filling.
1 24.59 36.00 36.43 0.0193 Healed Light mineral filling.
1 24.16 36.00 79.36 0.0464 Healed Light mineral filling.
1 22.84 46.00 o1.60 0.1022 Healed Light mineral filling.
1 21.01 31.00 28.06 0.0847 Healed Light mineral filling.

2 parallel fractures
1 20.44 36.00 33.27 0.0100 Healed Light mineral filling.
6 20.09 36.00 40.73 0.2728 N/A Bedding feature
1 19.21 286.00 71.29 0.1925 Open Mostly filled with it min.
1 28.81 276.00 75.46 0.1205 Open Mostly filled with It min.
6 16.89 49.00 31.60 0.1533 N/A Bedding feature
1 12.88 191.00 82.20 0.0814 Open
1 9.97 271.00 39.36 0.0928 Open
1 9.43 43.00 22.30 0.0555 Open
1 8.11 126.00 31.60 0.1022 Open

Rock appears broken
End photography at 3.0 feet.

Page 2
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:i~ SDL)UIHWESTERN DIVISION LABORAIORY, CORPS OF ENGINEERS
4815 Cass Street

Dallas, Tex.as 752•-5

SUBMITTAL OF SWDED-GL REPORT 14843--1 (11 pages)

I----
PROJECT: CUCHILLO NEGRO DAM SITE : Contract No.
Feature: VIDEO INVESTIGATIONS OF SELECTED :

: BOREHOLES :

TEST REQUEST NO.: E86890041 : -From: Chief
Dated: 13 March 89 : Geotechnical Branch
Received: 15 March 1989 Albuquerque District

I
: I denta i ÷cat i on:

: £:UREHULES LH--2Y, CH-3LU and D--I

:

SEE AI 1ACHED PAGES.

Ir . b

--------------------------------------------------------------

I Date: z Name and title: Signature
:WILLIAM R. TANNER

15 Maby 89 : Director::
: SWD Laboratory

--------------- ------------------------------- ----------
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[ JUCHILLO NEGRO DAM SITE
ALBUQUERQUE DISTRICT
VIDEO CAMERA INVESTIGATIONr SWDED-GL REPORI NO. 14841}'-1

[
1. REFERENCE: Reference is made to Albuquerque District testI request E86890041, dated 13 March 1989, requesting video camera
investigations of selected borings.

' 2. REPORI: Attached are the results of the findings of this
field investigation.

I

I
[

r
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[ BOREHOLE ANALYSIS
Output Data

[
Project Name : CUCHILLO NEGRO DAM

Drill Hole Name : BORING CH-29
Drill Hole Size : HO

Drill Hole Orientation : Vertical

[
Depth Dip Dip Width of Joint

to Direction of Feature Type Remarks
Feature of Feature Feature (Inches)

0.0 Start video.
Orientation data not available because
rough hole walls only allowed use

of the downward viewing camera head.
41.4 Bottom of casing.
42.0 Top of breakout.

1 42.8 Botton of breakout.
44.0 Top of broken zone; rock broken,

fragmented and weathered, boring
enlarged, walls extremely rough, jagged
and cavitated, no orientation.

46.1 End of broken zone.
46.5 Top of breakout.
47.0 Bottom of breakout.
48.4 Top of broken zone; rock broken,

fragmented and weathered, boring
enlarged, walls extremely rough, jagged
and cavitated, no orientation.

50.5 Bottom of broken zone, top of sound

Srock, no open joints.
zone; rock broken, fragmented and

51.7 Bottom of sound rock, top of broken
zone; rock broken, fragmented and
weathered, boring enlarged, walls
extremely rough, jagged and cavitated,
no orientation.

"54.2 Bottom of broken zone, top of sound
rock, no open joints.

57.1 Bottom of sound rock, top of broken

zooe; rock broken, fragmented and
weathered, baring enlarged, walls
extremely rough, jagged and cavitated,
ma orientation.

60.9 Bottom of broken zone, top of sound
rock, mo open joints.

61.5 Bottom of sound rock, top of broken

"I E-238



BOREHOLE ANALYSIS
Output Data

[
Project Name : CUCHILLO NEGRO DAM

Drill Hole Name : BORING CH-29
Drill Hole Size : HO

Drill Hole Orientation : Vertical

I
Depth Dip Dip Width of Joint

to Direction of Feature Type Remarks
Feature of Feature Feature (Inches)

zone; rock broken, fragmented and
weathered, boring enlarged, walls
extremely rough, jagged and cavitated,
no orientation.

63.4 Bottom af broken zone, top of sound
rocP. no open joints.

63.8 Bottom of sound rock, top of broken
zone; rock broken, fragmented and
weathered, boring enlarged, walls
extremely rough, jagged and cavitated,
no orientation.

70.4 Bottom of broken zone, top of sound
rock, no open joints, argillaceous zone
71.2'-71.6 .

72.2 Bottom of sound zone, top of broken
zone; rock broken, fragmented and

weathered, boring enlarged, walls
extremely rough, jagged and cavitated,
no orientation.

74.4 Bottom of broken zone, top of
argillaceous zone, boring walls intact,
no open fractures.

75.,2 Bottom of argillaceous zone, top of
sound rock, no open joints.

76.2 Open joints appear, almost horizontal.
77.2 Open low angle joints.
77.4 Open low angle joints.
77.3 Open low angle joints.
78.5 Open low angle joints.
79.7 Top of brokeR zone; rock broken,

fragmeeted and weathered, boring
enlarged, walls extremely rough,
jage and cavitated, ma orinmtation.

83.5 lottom of broken zone.
81.8 Top 04 argillaceous zone, boieog wall

intact, rock appears competent.

Ii



BOREHOLE ANALYSIS
Output Data

Project Name CUCHILLO NEGRO DAM
Drill Hole Name BORINGi CH-29
Drill Hole Size HO

Drill Hole Orientation : Vertical

I
Depth Dip Dip Width of Joint

to Direction of Feature Type Remarks
Feature of Feature Feature Ulnches)

84.4 Open appearing joints.
85.4 Open appearing joints.
87.6 Open appearing joints.
99.0 Open appearing joints.

B 9.10Oe pern ons89.1 Rock becoming darker, not as weathered,
but still argillaceous and sound.

89.2 Breakout along open joint.
89.4 Breakout along open joint.
90.1 Joint, appears open.
92.1 Top of three parallel joints, possibly

Sopen.
92.5 Bottom of joints.
97.3 Tight joint.
98.1 Bottom of argillaceous zone, top of

transition zone, alternating
argillaceous and nonargillaceous zones.

100.0 Bottom of transition zone, top of
argillaceous zone, boring walls intact
but rough.

103.3 Rock broken, fragmented and weathered,
boring enlarged, walls extremely rough,
jagged and cavitated, no orientation.

104.5 Bottom of argillaceous and brokep zones.
105.5 Tight joint.
105.8 Rock broken, fragmented and weathered,

boring enlarged, walls extremely rough,
jagged and cavitated, no orientation.

109.4 Bottom of broken zone, top of sound
rock.

109.8 Bottom of sound rock, top of broken
zone; rock broken, fragmented and
weathered, boring enlarged, aills
extremely rough, jaged and cavitated,
no orientation.

113.4 Bottom of broke* zone.
124.0 Joints, possibly open.

[-2
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BOREHOLE ANALYSIS
Output Data

Project Name : CUCHILLO NEGRO DAM
Drill Hole Name : BORING CH-29
Drill Hole Size : HO

Drill Hole Orientation : Vertical

[
Depth Dip Dip Uidth of Joint

to Direction of Feature Type Remarks
Feature of Feature Feature UInches)

[-114.4 Joints, possibly open.
115.3 Joints, possibly open.
115.5 Joints, possibly open; t. p of

argillaceous zone, boring walls intact
but rough.

117.8 Breakout, bottom of argillaceous zone.
119.1 Top of broken zone; rock broken,

fragmented and weathered, boring
enlarged, walls extremely rough, jagged
and cavitated, no orientation.

136.2 Bottom of broken zone, top of
argillaceous limstone, boring malls
intact but rough, breakout at 140.5

143.7 Bottom of limestone, end of video.

!
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f IBOREHOLE ANALYSIS
Output Data

Project Name : CUCHILLO NEGRO DAM

Drill Hole Name : BORING CH-.30
Drill Hole Size : 4

Drill Hole Orientation : VerticalI
Depth Dip Dip Width of Joint

to Direction of Feature Type Remarks
Feature of Feature Feature (Inches)

IBoring drilled with air; 0.0-2.5', 6
inch diameter, 2.5'-bottom, 4 inch
diameter.

2.5 Botto, of cing.
10.9 Top of breakout, boring enlarged,

probably due to drilling action.
J1.6 Bottom of breakout.
14.5 lop of cavity, rock broken, fragmented

and weathered, boring enlarged, walls
extremely rough, jagged and cavitated,
no orientation.

18.2 Bottom of cavity.
21.5 Top of cavity, rock broke,, fragmented

and weathered, boring enlarged, walls
extremely rough, jagged and cavitated,
no orientation.

23.2 Bottom of cavity.
26.1 Top of cavity, rock broken, fragmented

and weathered, boring enlarged, walls
extremely rough, jaiged and cavitated,
no orientation.

20.0 Bottom of cavity.
32.0 120 61 0.0291 Healed Light mineral filling.
34.5 Top of broken zone.
34.7 Bottom of broken zone.
34.0 75 86 0.0090 Healed Light miteral filling.
39.8 90 72 0.0190 "ealed Light mieral filling.
43.6 0 50 0.0192 Healed Light mineral filling.
55.5 45 50 0.0832 Healed Light mimeral filling.
62.3 45 42 0.094 Healed Light mineral filling.
63.3 270 70 0.0668 Healed Light mineral filling.
67.9 290 56 0.0111 Healed Light mineral filling.
69.2 45 42 -- light Hairline.
73.4 295 67 0.0115 Healed Light mineral filling.
81.2 1T of cavity, rock broken, fragmented

ad wathered, borimg enlarged, walls
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BOREHOLE ANALYSIS
Output Data

Ii
Project Name : CUCHILLO NEGRO DAM

Drill Hole Name : BORING CH-30
[ Drill Hole Size : 4

Drill Hole Orientation : Vertical

Depth Dip Dip Width of Joint
to Direction of Feature Type Remarks

Feature of Feature Feature (Inches)
-- - -------- --------------------------------------------------------------------

extremely rough, jagged and cavitated,
no orientation.

86.7 Bottom of cavity.
89.7 Top of cavity, rock broken, fragmented

and weathered, boring enlarged, walls
extremely rough, jagged and cavitated,
no orientation.S93.0 Bottom of cavity.

94.0 Top of cavity, rock broken, fragmented
and weathered, boring enlarged, walls
extremely rough, jagged and cavitated,
no orientation.

96.4 Bottom of cavity, top of dark
argillaceous zone, boring walls rough,

some breakouts noted, numerous hairline
tight fractures to 0.03 inch wide with
dip azimuths around 45 degrees.

130.6 Top of cavity.

132.0 Bottom of cavity.

136.0 Bottom of dark argilllacmois zone, top
of lithology change, lighter color and
different texture, chalky appearance.

141.7 Boring becomes enlarged, rock broken.

2145.0 Bottom of broken zone and light zone,
lithology changes to dark argillaceous
limestone.

145.9 180 93 0.0037 Healed Light mineral filling.

149.1 30 56 0.1387 Healed Light mineral filling.

151.0 Bottom of limestone, lithology ckaagps,
lilhter color ad different texture,
chalky appearance.

155.0 Bottom of light zone, end of video.

[

[. E-243

I.



BOREHOLE ANALYSIS
Output Data

iI
Project Name : CUCHILLO NEGRO DAM

Drill Hole Name : BORING D-1
Drill Hole Size : 6

Dr2Il Hole Orientation : Vertical

Depth Dip Dip Width of Joint
to Direction of Feature Type Remarks

Feature of Feature Feature Uinches)

9.6 Bottom of casing.
11.3 150 22 -- Tight Hairline.
14.9 30 45 -- Tight Hairline.

T25.7 45 50 ight Hairline.
31.8 Top of rough argillaceous zone.
36.0 Bottom of rough argillaceous zone.
32.1 40 50 -- Tight Hairline.
34.7 45 39 -- Tight Hairline
49.1 Top of breakout.
49.8 Bottom of breakout zone.
56.6 45 39 -- Tight Hairline.
58.1 45 39 -- Tight Hairline.
59.2 Top of breakout on SW side of boring.

T1.1 Bottom of breakout on SW side of borinq.
63.e Top of cavity, boring enlarged, rock

weathered, broken and fractured.
65.2 Bottom of cavity.
65.0 45 39 -- Tight Hairline.
66.1 45 39 0.3904 Healed Dark mineral filling.
67.1 210 31 0.0514 Healed Dark mineral filling.S67.6 75 31 0.4287 Healed Dark mineral filling.
71.7 45 50 -- Tight Hairline.

73.6 45 45 -- Tight Hairline.
75.8 45 39 0.1015 Healed Dark mineral filling.
76.3 45 45 -- light Hairline.
77.8 270 75 0.0153 Healed Light mineral filling.
77.2 45 39 -- Tight Hairline.
79.8 0 31 0.2144 Healed Light mineral filling.
91.8 45 54 -- light Hairline
85.4 45 31 -- Tight Hairliae.
95.9 Top of cavity.
87.6 Bottom of cavity.
98.4 top of cavity, boring enlarged, rock

weathered, broken and friable.
94.0 Bottom of cavity, end of video.

I- E-244

Ii



a U)

-J- ..L

aMa

al- h C 4.1

E.. aL a

I" 44 a

IL .6 *. -... *

riC.

I E-245



-i

u a a
0- A

-LJ 41-Lb

Ir "- .. ..
< so p

[C a 'I.* % .. a. . * * .
. . -

cm .bo

[U,

r . . .alt

Ii E-246



Ii

SOUTHWESTERN DIVISION LABORATORYV CORPS OF ENGINEERSI-- 4815 Cas -Street :
Dallas, Texas 75235

-------------------------------------------------------------------------------------

SUBMITTAL OF SWDED-GL REPORT 148413 (28 pages)

: PROJECT: CUCHILLO NEGRO DAM SITE : Contract No.

Feature: VIDEO INVESTIGATIONS OF SELECTED
: ~BOREHOLES::

TEST REQUEST NO.: E86890041 : From: Chief
Dated: 13 March 89 Geotechnical Branch

: Received: 15 March 1989 : Albuquerqle District

-- -ide'--t- iI --- --i - -t i -

BOREHOLES 19, 20, 21, 22, 2,:. and 26.

I :-----------------------------------------------------------------------
: REMARf ;:

r:* SEE AITACHED PAGES.

Report sent to: a Copy furnished:
: Albuquerque District a

---- -------------------------------------------------
Date: : Name and title: Sinat re

¶ : : WILLIAM R. TANNER :I 18 Apr 89 a Director I
I SWD LaboratoryEI
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1I UCHILLO NEGRO DAM SITE
ALBUQUERQUE DISTRICT
VIDEO CAMERA INVESIIGAPTION
SWDED-GL REPORT NO. 14843

I
1. REFERENCE: Reference is made to Albuquerque District test
request E86890041, dated 13 March 1999, requesting video camera
investigations of selected borings.I
2. REPORT: Attached are the results of the findings of this

Sfield investigation.

I
I
I I

I
i
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[ BOREHOLE ANALYSIS
Input Datar

Project Name : CUCHILLO NEGRO DAM
Drill Hole Name : BORING 19

SDrill Hole Size HD
Drill Hole Orientation Vertical!

Depth to Depth to Apparent Apparent Joint
Top of Bottom of Dip Width Type Remarks

Feature Feature Direction (Inches)

1.3 1.3 Start video
19.5 19.9 60 0.1300 Closed Light mineral filling.
23.2 23.4 265 0.0100 Tight
23.4 23.7 50 0.0200 Closed Light mineral filling.
27.1 27.5 45 0.0600 Open
19.5 19.5 Rough zone, argillaceous, weathered
30.2 30.1 Bottom of rough zone, top of sound rock
I8.0 38" 280 0.0600 Closed Light mineral filling.
40.9 41.4 280 0.0600 Closed Light mineral filling.
41.0 41.34 50 0.0600 Closed Light mineral filling.
41.5 41.9 B0 0.0600 Closed Light mineral filling.

43.4 44.4 180 0.1300 Closed Light mineral filling.
51.9 51.9 Rough zone, weathered, argillaceous
54.2 54.2 Bottom of rough zone
55.9 55.9 Top of cavity
57.0 57.0 Bottom of cavity
5B.6 59.0 45I 0.0000 Tight Hairline
60.7 61.3 240 0.0000 Tight Hairline

61.2 61.2 Top of cavity.
63.5 63.5 Bottom of cavity.
63.6 63.8 210 0.0000 Closed Hairline.
63.6 63.8 255 0.0000 Closed Hairline.
63.8 64.2 45 0.0600 Closed Light mineral filling.

Bedding noted.
64.3 64.7 45 0.0300 Closed Light mineral filling.
65.1 65.4 45 0.0300 Closed Light mineral filling.S65.9 66.3 45 0.0300 Closed Light mineral filling.

67.0 67.6 35 0.2500 Closed Light mineral filling.
67.3 68.9 260 0.0300 Open Breakout, boring enlarged.
69.9 70.2 45 0.0300 Open Broken along fracture plane.
69.8 70.2 45 0.0300 Open Broken along fracture planes.
70.8 71.4 255 0.0600 Closed Light mineral filling.
71.1 71.7 250 0.1300 Closed Light mineral filling.
73.2 73.5 45 0.0600 Closed Light mineral filling.
SLight
74.5 74.9 45 0.0600 Closed Light mineral filling.

75.9 76.2 45 0.0600 Closed Light mineral filling.I,
i, E-249
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I BOREHOLE ANALYSIS
Input Data[I

Project Name : CUCHILL.O NEGRO DAM
Drill Hole Name BORING 19
Drill Hole Size HO

Drill Hole Orientation Vertical[

Depth to Depth to Apparent Apparent Joint
Top of Bottom of Dip Width Type Remarks

Feature Feature Direction (Inches)

- 77.7 78.2 45 0.5000 Tight Light mineral ailling.
Sote rock broken due to drilling.

79.0 79.b 270 0.4000 Tight tight mineral filling.

0. .Rock broken, some missing along plane.
90.3 80.8 300.3000 Open

92.2 82.2 Top of cavity.

85.0 85.0 Bottom of cavity, end of video.

I

I
L
L

I
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[
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I BOREHOLE ANALYSIS
Output DataI

Project Name : CUCHILLO NEGRO DAM
Drill Hole Name : BORING 19
Drill Hole Size : HO

Drill Hole Orientation : VerticalI

Depth Dip Dip Width of Joint
to Direction of Feature Type Remarks

Feature of Feature Feature (Inches)

11.3 Start video
19.7 60 52 0.0805 Closed Light mineral filling.
23.3 265 32 0.0084 Tight
23.5 50 44 0.0145 Closed Light mineral filling.
27.3 45 52 0,0371 Open
19.5 Rough zone, argillaceous, weathered
30.1 Bottom of rough zone, top of sound rock
I28 5B 0.0320 Closed Light mineral filling.
41.. 280 5B 0.0320 Closed Light mineral filling.
41.2 40 45 0.0435 Closed Light mineral filling.
41.2 80 52 0.0371 Closed Light mineral filling.

43.9 180 73 0.0391 Closed Light mineral filling.
51.9 Rough zone, weathered, argillaceous
54.2 Bottom of rough zone
55.9 Top of cavity
57.0 Bottom of cavity
58.8 45 52 0.0000 Tight Hairline
61.0 240 62 0.0000 Tight Hairline
61.2 Top of cavity.
63.5 Bottom of cavity.I 63.7 210 32 0.0000 Closed Hairline.
63.7 255 32 0.0000 Closed Hairline.
64.0 45 52 0.0371 Clr5ed Light mineral filling.

Bedding noted,
64.5 45 52 0.0186 Closed Light mineral filling.
b5.3 45 44 0.0217 Closed Light mineral filling.
66.1 45 52 0.0196 Closed Light mineral filling.
67.3 35 62 0.1163 Closed Light mineral filling.
68.3 260 74 0.0093 Open Breakout, boring enlarged.
70.0 45 52 0.0106 Open Broken along fracture plane.
70.0 45 52 0.0186 Open Broken along fracture planes.
71.1 255 62 0.0279 Closed Light mineral filling.
71.4 250 62 0.0605 Closed Light minert! filling.
73.3 45 44 0.0435 Closed Light mineral filling.
74.7 45 44 0.0435 Closed Light mineral filling.
76.1 45 44 0.0435 Closed Light mineral filling.

S~E-251
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I BOREHOLE ANALYSIS
Output DataI

Project Name : CUCHILLO NEGRO DAM
Drill Hole Name : BORING 19
Drill Hole Size : HO

Drill Hole Orientation : VerticalI
Depth Dip Dip Width of Joint

to Direction of Feature Type Remarks
Feature of Feature Feature (Inches)

77.9 45 58 0.2666 Tight Light mineral filling.
Some rock broken due to drilling.

79.3 270 62 0.1860 Tight Light mineral filling.

86 3Rock broken, some missing along plane.
80.6 30 58 0.1600 Open

82.2 Top of cavity.
85.0 Bottom of cavity, end of video.

IE
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I BOREHOLE ANALYSIS

Input DataI
Project Name : CUCHILLO NEGRO DAM

Drill Hole Name : BORING 20
Drill Hole Size : HO

Drill Hole Orientation : Vertical!
SDepth to Depth to Apparent pparent Joint

Top of Bottoa of Dip Width Type Remarks
Feature Feature Direction (Inches)

6.3 6.3 Bottom of casing.
8.1 8.4 135 0.0200 open

10.5 10.8 0 0.0200 Ptly Open
20.3 21.5 100 0.0600 Ptly Open Rock broken and some missing.
21.7 22.3 10 0.0600 Ptly Open Rock broken and some missing.

29.0 29.0 Rock broken, fragmented and weathered,
boring enlarged malls are extremely
rough, jagged and cavitated, no

orientation.
I 50.3 50.3 Bottom of broken zone.

51.6 52.0 90 0.0600 Tight Bedding visible.
52.2 52.2 Rough zone, argillaceous.
52.6 52.6 Bottom of rough zone.
54.1 54.7 40 0.0100 Tight
54.7 54.7 Rocks broken, fragmented and weathered,

boring enlarged malls are extremely
rough, jagged and cavitated, no
orientation.

60.8 60.8 Bottom of broken zone.
S61.7 62.0 45 0.0200 Tight

62.7 62.7 Rocks broken, fragmented and weathered,
boring enlarged malls are extremely
rough, jagged and cavitated, no
orientation.

66.2 66.2 Bottom of rough zone.
66.3 67.0 45 0.0100 Tight Fractures, rock broken along fracture

plane.
67.6 67.6 Boring walls intact, but rough,

argillaceous zone.
71.7 71.7 Bottom of argillaceous zone, top of

cavity on SE side of boring wall.
75.6 75.6 Bottom of cavity, boring malls intact,

but rough mith some small break ots,
probably due to drilling rock,
argillaceous.

81.3 81.3 Bottom of argillaceous zone, rock is

l, E-253



I BOREHOLE ANALYSIS
Input Data

Project Name : CUCHILLO NEGRO DAM
Drill Holf tme : BORING 20
Drill Hole Size : HO

Drill Hole Orientation : Vertical[

Depth to Depth to Apparent Apparent Joint
Top of Bottom of Dip Width Type Rearks

Feature Featu re irection (lnchei)

highly broken, boring enlarged walls are
extruemly rough, jagged and ravitated,
no orientations.

89.0 89.0 Bottom of broken zone, blocked, end of
video.

I
!
i
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IBOREHOLE ANALYSIS

Output DataI
Project Name : CUCHILLO NEGRO DAM

Drill Hole Name : BORING 20
Drill Hole Size : HO

Drill Hole Orientation : VerticalI

Depth Dip Dip midth of Joint
to Direction of Feature Type Remarks

Feature of Feature Feature (Inches)

6.3I Bottom of casing.

9.3 135 44 0.0145 Open
10.6 0 44 0.0145 Ptly Open
20.9 100 75 0.0152 Ptly Open Rock broken and some missing.
22.0 190 62 0.0279 Ptly Open Rock broken and some missing.

29.0 Rock broken, fragmented and weathered,
boring enlarged waills are extremely
rough, jagged and cavitated, no
orientation.

50.3 Bottom of broken zone.
51.8 90 52 0.0371 Tight Bedding visible.
52.2 Rough zone, argillaceous.
52.6 Bottom of rough zone.
54.4 40 62 0.0047 light
54.7 Rocks broken, fragmnted and wathered,

baring enlarged mills are extremely

rough, jagged and cavitated, no
orientation.

60.8 Bottom of broken zone.
61.9 45 44 0.0145 Tight
62.7 Rocks broken, fragmented and weathered,

boring enlarged malls are extremely
rough, jagged and cavitated, noorientation.

66.2 Bottom of rough zone.
66.7 45 66 0.0041 Tight Fractures, rock broken along fracture

plane.
67.6 Boring walls intact, but rough,

argillaceous zone.
"71.7 Bottom of argillaceous zone, top of

cavity on SE side of boring wall.
75.6 Bottom of cavity, boring walls intact,

but rough with swe mll break outs,
probably due to drilling rock,
argi I !actous.

91.3 Bottom of argillaceous zone, rock isIZ
1 3-255
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I BOREHOLE ANALYSIS
Output Data

Project Name : CUCHILLO NEGRO DAM
Drill Hole Name : BORING 20
Drill Hole Size : HO

Drill Hole Orientation : VerticalI
Depth Dip Dip eidth of Joint

to Direction of Feature Type Remarks
Feature of Feature Feature (Inches)

highly broken, boring enlarged walls are
extremely rough, jagged and cavitated,
no orientations.

89.0 Bottom of broken zone, blocked, end of
video.
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[
BOREHOLE ANALYSIS

Input Data

Project Name : CUCHILLO NEGRO DAM
Drill Hole Name : BORING 21
Drill Hole Size : HOI Drill Hole Orientation : Vertical

SDepth to Depth to Apparent Apparent Joint
Top of Bottom of Dip Width Type Remarks

Feature Feature Direction (Inches)

19.7 19.7 Bottom of casing.
20.0 20.0 Cavity, rock broken, Yeathered, no

orientation.
21.1 21.1 Bottom of cavity.
24.3 25.1 270 0.0100 Tiaht
25.1 25.5 45 0.0100 Tight
30.4 30.6 45 0.0100 Tight Bedding visible.
31.0 31.3 45 0.0100 Tight
32.6 32.8 45 0.0100 Tight
42.8 43.1 45 0.0300 Ptly Open
42.8 42.8 Numerous light mineral filled stringers

and hairline tight fractures

50.0 50.2 45 0.0300 Ptly Open dip azimuths 45 and 270 degrees.

52.3 52.6 0 0.0200 Ptly Open
53.0 54.7 300 0.1300 Open

61.6 62.1 250 0.1300 Closed Light mineral filling.
63.1 63.6 45 0.0200 Ptly Open

S63.8 64.5 70 0.0200 Ptly Open
64.6 64.9 45 0.0100 Tight
64.8 65.2 45 0.0100 Tight
66.7 67.0 30 0.0100 Tight
74.1 74.3 45 0.0200 Ptly Open
77.1 77.5 35 0.4000 Ptly Open Top of broken zone.
77.5 77.9 35 0.0000 Open Bottom of broken zone, boring enlarged.
95.0 85.0 Top of cavity.
97.8 87.8 Bottom of cavity.
89.4 98.8 45 0.1300 Closed Light minal filling.
94.9 95.1 45 0.2500 Cloued Light mineral filling.
98.1 99.0 225 0.4000 Closed Light mineral filling.
98.8 99.1 45 0.1300 Closed Light mineral filling.

100.2 100.7 90 0.0600 Ptly Open Light mineral filling.
101.9 102.1 45 0.0300 Ptly Open
104.5 104.9 45 0.0200 Ptly Open Light mineral filling.
105.7 106.0 65 0.6000 Open Rock broken.
109.2 111.0 225 0.7000 Ptly Open Light mineral filling.

i-
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BOREHOLE ANALYSIS

iInput Data

Project Name : CUCHILLO NEGRO DAM
Drill Hole Name : BORING 21
Drill Hole Size : HOI Drill Hole Orientation : Vertical

I Depth to Depth to Apparent Apparent Joint
Top of Bottom of Dip Width Type ReuarksIFeature Feature Direction (Inches)

113.2 113.5 40 0.0100 Tight
117.6 117.9 45 0.0100 Tight Rough due to drill action.
125.1 126.5 45 0.0100 Tight Rough zone, possilby argillaceous, some

rock missing.
126.6 126.6 Top of cavity, rock broken. 45 degree

dip azimuth.
127.6 177.6 Bottom of cavity.
127.8 127.8 Rough zone, some rock broken and miss-

ing, possibly argillaceous.
128.4 128.8 45 0.0200 Open Complex numerous hairline tight connect-

ing fractures.
121.7 130.0 45 0.0300 Tight To partially open.
130.0 130.0 Top of cavity.
131.0 131.0 Bottom of cavity, end of video.

i
!
i
L
r
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BOREHOLE ANALYSIS
Output Data

I
Project Name : CUCHILLO NEGRO DAM

Drill Hole Name : BORING 21
Drill Hole Size : HO

Drill Hole Orientation : Vertical

IDepth Dip Dip Width of Joint
to Direction of Feature Type Remarks

Feature of Feature Feature (Inches)

1 19.7 Bottom of casing.
20.0 Cavity, rock broken, wathered, no

orientation.
21.1 Bottom of cavity.
24.7 270 68 0.0037 Tight
25.3 45 52 0.0062 Tight

I 30.5 45 32 0.00B4 Tight Bedding visible.
I 31.1 45 44 0.0072 Tight

32.7 45 32 0.0084 Tighti 43.0 45 44 0.0217 Ptly Open
I42.8 Numerous light mineral filled stringers

and hairline tight fractures
dip azimuths 45 and 270 degrees.

1 50.1 45 32 0.0253 Ptly Open
52.5 0 44 0.0145 Ptly Open
53.8 300 79 0.0237 Open
61.8 250 58 0.0693 Closed Light mineral filling.
63.3 45 58 0.0107 Ptly Open
64.2 70 66 0.0082 Ptly Open

* 64.8 45 44 0.0072 Tight
65.0 45 52 0.0062 Tight
66.8 30 44 0.0072 Tight
74.2 45 32 0.0169 Ptly Open
77.3 35 52 0.2476 Ptly Open Top of broken zone.
77.7 35 52 0.0000 Open Bottom of broken zone, boring enlarged.
85.0 Top of cavity.
87.8 Bottom of cavity.
98.6 45 52 0.0805 Closed Light mineral filling.
95.0 45 32 0.2111 Closed Light mineral filling.
"9.6 225 71 0.1322 Closed Light mineral filling.
99.9 45 44 0.0942 Closed Light mineral filling.
100.4 90 58 0.0320 Ptly Open Light mineral filling.
101.9 45 44 0.0217 Ptly Open
104.7 45 44 0.0145 Ptly Open Light mineral filling.
105.8 65 44 0.4346 Open Rock broken.
110.1 225 g0 0.1207 Ptly Open Light mineral filling.

I-
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[. BOREHOLE ANALYSIS
Output Data

L
Project Name : CUCHILLO NEGRO DAM

Drill Hole Name : BORING 21
Drill Hole Size : HO

Drill Hole Orientation : VerticalI
Depth Dip Dip Width of Joint

to Direction of Feature Type Remarks
Feature of Feature Feature (Inches)

1113.3 40 44 0.0072 Tight
117.8 45 44 0.0072 Tight Rough due to drill action.
125.8 45 77 0.0022 Tight Rough zone, possilby argillaceous, some

rock missing.
126.6 Top of cavity, rock broken, 45 degree

dip azimuth.
127.6 Bottom of cavity.
127.8 Rough zone, some rock broken and miss-

ing, possibly argillaceous.
128.6 45 52 0.0124 Open Complex numerous hairline tight connect-

ing fractures.
129.4 45 76 0.0071 Tight To partially open.
130.0 Top of cavity.
131.0 Bottom of cavity, end of video.

I
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S[BOREHOLE ANALYSIS

Input Data[
Pro.ject Name : CUCHILLO NEGRO DAM

Drill Hole Name : BORING 22
Drill Hole Size : HO

Drill Hole Orientation : VerticalI
SDepth to Depth to Apparent Apparent Joint

Top of Bottom of Dip Width Type Remarks
Feature Feature Direction Ulnches)

0.0 0.0 Bottom of casing, boring walls sound, no
broken zones or cavities.

54.3 54.6 45 0.2500 Ptly Open Rock broken.
91.5 92.4 45 0.2500 Open Rock broken along fracture plane.
93.9 93.9 Cloudy water, end of video.

!
i
I
I
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I BOREHOLE ANALYSIS
Output Data

Proiect Name : CUCHILLO NEGRO DAM
Drill Hole Name : BORING 22
Drill Hole Size : HO

Drill Hole Orientation : VerticalI
Depth Dip Dip Width of Joint

to Direction of Feature Type Remarks
Feature of Feature Feature (Inches)

S0.0 Bottom of casing, boring walls sound, no
broken zones or cavities.

54.5 45 44 0.1811 Ptly Open Rock broken.

91.9 45 71 0,0826 Open Rock broken along fracture plane.

93.9 Cloudy water, end of video.

E
I
I
I
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I BOREHOLE ANALYSIS
Input Data

[
oPro iPct Nam r-e :CUCG ILLO NEGRO DAM

Drill Hole Name C CH--.27

Drill Hole Size HD
Drill Hole Orientation Vertical!

Depth to Depth to Apparent Apparent Joint
Top of Bottom of Dip Width Type Remarks

Feature Feature Direction Uinches)

1 25.4 25.4 Start video.
27.9 27.9 Bottom of casing.

28.7 28.9 45 0.0000 Tight Hairline.

'27.9 27.9 Boring walls rough, weathered and
argillaceous.

J3.0 J31.0 Bottom of rough zone.
316.8 7.1 4j 00000 Tight Hairline.

39.3 40.6 210 0.0600 Tight Light mineral filling.

42'.D 42.7 255 0.0600 Tight Light mineral filling.
45.4 45.7 45 0.000 Open
47.5 48.9 265 0.0600 Closed Light mineral filling.
48.2 49.6 265 0.0600 Closed Light mineral filling.

51.8 52.2 45 0.0000 Tioht Hairline.

52.9 52.9 Top of cavity.

59.8 59.8 Bottom of cavity.

60.5 60.9 90 0.0300 Open
64.0 64.3 45 0.0000 Tight Hairline.
64.6 65.0 65 0.0300 Ptly Open
65.1 65.5 270 0.0000 Tight Hairline.
65.4 65.8 150 0.0000 Tight Hairline.

65.4 65.9 150 0.0000 Tight Hairline.
65.7 65.7 Top of cavity.

67.5 67.5 Bottom of cavity.

68.9 69.7 195 0.11300 Closed Light mineral filling.

85.4 85.4 Top of cavity.

86.0 96.0 Bottom of cavity.

85.9 96.1 225 0.0000 Tight Hairline.
97.6 87.6 Cloudy water.

98.4 B8.8 30 0.0000 Tight Hairline.

99.6 99.9 190 0.2500 Closed Light mineral filling.

94.A 94.6 End video.

I
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I BOREHOLE ANALYSIS
Output Data

FProject Name : CLICHILLO NEGRO DAM
Drill Hole Name : CH-2.
Drill Hole Size : HO

Drill Hole Orientation : Vertical!

Depth Dip Dip Width of Joint
to Direction of Feature Type Remarks

Feature of Feature Feature (Inches)

25.4 Start video.
27.9 Bottom of casing.
28.8 45 32 0.0000 Tight Hairline.
27.9 Boring malls rough, weathered and

argillaceous.
33.0 Bottom of rough zone.
37.0 45 44 0.0000 Tight Hairline.
40.j 210 66 0.024 Tight Light mineral filling.
40.3 255 66 0.0246 Tight Light mineral filling.

45.5 45 44 0.0217 Open
4B.2 265 77 0.0132 Closed Light mineral filling.
48.9 265 77 0.0132 Closed Light mineral filling.
52.0 45 52 0.0000 Tight Hairline.
52.9 Top of cavity.
59.8 Bottom of cavity.
60.7 90 52 0,01B6 Open

64.2 45 44 0.0000 Tight Hairline.
64.8 65 52 0.0186 Ptly Open
65.3 270 52 0,0000 Tight Hairline.
65.6 150 52 0.0000 Tight Hairline.
65.7 150 5B 0.0000 Tight Hairline.
65.7 Top of cavity.
67.5 Bottom of cavity.
69.3 195 68 0.0477 Closed Light mineral filling.
85.4 Top of cavity.
86.0 Bttom of cavity.
86.0 225 32 0.0000 Tight Hairline.
87.6 Cloudy water.
8.6 30 52 0.0000 Tight Hairline.
99.8 180 44 0.1811 Closed Light mineral filling.
94.6 End video.

[r
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I BOREHOLE ANALYSIS

Input Data!
Froiect Name : CUCHILLO NEGRO DAM

Drill Hole Name : BORING 26
Drill Hole Size : HO

Drill Hole Orientation : VerticalI
SDepth to Depth to Apparent Apparent Joint

Top of Bottom of Dip Width Type Remarks
Feature Feature Direction (Inches)

10.6 10.6 Bottom of casing.
17.3 17.9 0.0000 Open Rock broken, no orientation.
20.8 21.1 105 0.0100 Tight rock broken and fractured.
22.6 22.8 90 0.0100 Tight Rock broken and fractured.
22.7 23.0 90 0.0100 Tight Rock broken and fractured.
29.9 30.2 90 0.0200 Closed Light mineral stringer.
32.3 37.8 90 0.0200 Tight Light mineral filling, hairline.,

numerous fractures and stringers.
33.6 33.7 90 0.1300 Closed Light mineral filling.
38.3 38.3 Rough sound argillaceous zone, breakout

at top contact.
42.6 42.6 Bottom of rough zone, top of sound

limestone.
46.8 46.8 Bottom of limestone, top of rough, sound

argillaceous limestone.
48.1 48.4 0.2500 Ptly Open Fracture discontinuous- no orientation.
56.3 56.3 Bottom of rough sound limestone.
59.4 59.6 50 0.1300 Ptly Open Partly filled with light mineral.
62.8 62.8 Rough argillaceous zone; at 64.2',

boring becomes enlarged, some rock
missing, boring walls very rough and
jagged; 65.6' malls no longer enlarged
or broken, but still have rough
argillaceous appearance.

66.6 66.6 Bottom of rough zone, top of round rock.
67.1 67.1 Bottom of sound rock, top of cavity,

rock broken, rough and weathered.
68.8 68.9 Bottom of cavity, top of smound

limestone.
69.3 69.3 Bottom of limestone, top of rough

argillaceous zone.
70.8 70.8 Bottom of rough zone, top of sound

limestone.
71.0 71.0 Bottom of limstone, top of cavity,

rock is rough, broken out and weathered.
72.3 72.3 Bottom of cavity, top of rough

j E-265
r



[ BOREHOLE ANALYSIS

Input Data

Project Name : CUCHILLO NEGRO DAM
Drill Hole Name : BORING 26
Drill Hole Size : HO

Drill Hole Orientation : VerticalI

Depth to Depth to Apparent Apparent Joint
Top of Bottom of Dip Width Type Remarks

Feature Feature Direction (Inches)

Sargillaceous zone.
74.3 74.8 Bottom of rough zone, top of sound

limestone.
I 74.7 74.9 65 0.0200 Tight

76.4 76.4 Bottom of limestone, top of rough,
sound argillaceous zone.

76.9 76.9 Breakout, enlarged.
77.1 77.1 Bottom of rough zone and breakout, top

of sound limestone.
78A. 78.8 Breakout.
79.2 79.2 Breakout.
79.7 79.7 Breakout.
80.1 8D.1 Bottom of limestone, top of rough,

broken argillaceous zone, boring
enlarged.

90.4 90.4 Bottom of rough zone, top of sound
limestone.

91.7 91.7 Bottom of limestone, top of cavity,
rock is rough and argillaceous.

94.0 94.0 Bottom of cavity.
93.4 94.4 315 0.1300 Open
94.5 94.5 Top of sound limestone.
95.3 95.3 Bottom of sound limestone, one side of

Sboring broken out into cavity.
96.3 96.3 Bottom of cavity.
96.8 96.9 Breakout.
97.3 97.3 Breakout."98.1 98.1 Top of cavity.
"9.0 99.0 Bottom of cavity, honey bees crulim -

r on bottom, end video.

r
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BOREHO.E ANALYSIS
Output Data

k

Project Name CUCHILLO NEGRO DAM
Drill Hole Name BORING 26
Drill Hole Size HO[ Drill Hole Orientation Vertical

Depth Dip Dip Width of Joint
to Direction of Feature Type Remarks

Feature of Feature Feature (Inches)

10.6 Bottom of casing.
17.6 62 0.0000 Open Rock broken, no orientation.
21.0 105 44 0.0072 Tight Rock broken and fractured.
22.7 90 32 0.0084 Tight Rock broken and fractured.
22.9 90 44 0.0072 Tight Rock broken and fractured.
30.0 90 44 0.0145 Closed Light mineral stringer.
35.0 90 87 0.0011 Tight Light mineral filling, hairline,

numerous fractures and stringers.
.7 90 18 0.1239 Closed Light mineral filling.

38.3 Rough sound argillaceous zone, breakout
at top contact.

42.' Bottom of rough zone, top of sound
limestone.

46.8 Bottom of limestone, top of rough, sound
arqillaceous limestone.

48.3 44 0.1911 Ptly Open Fracture discontinuous, no orientation.
56.3 Bottom of rough sound limestone.
59.5 50 32 0.1098 Ptly Open Partly filled with light mineral.

S62.8 Rough arqillaceous zone; at 64.2',
boring becomes enlarged, some rock
missing, boring malls very rough and

r jagged; 65.6' walls no longer enlarged
or broken, but still have rough
argillaceous appearance.

66.6 Bottom of roegh zone, top of sound rock.
67.1 Bottom of soud rock, top of cavity,

rock broken, rough and watheed.
68.8 bottom of cavity, top of moend

limestone.
69.3 Bottom of limestone, top of rough

argillaceous zone.
70.8 bottom of rouh zooe, top of sound

limestone.
71.0 Bottom of limestone, top of cavity,

rock is rough, broken out and weathered.
72.3 bottom of cavity, top of rough

9-267
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[
BOREHOLE ANALYSISi Output Data

Project Name : CUCHILLO NEGRO DAM
Drill Hole Name % BORING 26
Drill Hole Size : HOj Drill Hole Orientation : Vertical

I Depth Dip Dip Width of Joint
to Direction of Feature Type Remarks

I Feature of Feature Feature (Inches)

argillaceous zone.
74.8 Bottom of rough zone, top of sound

limestone.
74.0 65 5 2 0.0169 Tight lmsoe

72.4 Bottom of limestone, top of rough,sound argillaceouszoe

76.9 Breakout, enlarged.
77.1 Bottom of rough zone and breakout, top

of sound limestone.
78.8 Breakout.
79.2 Breakout.
79.7 Breakout.
80.1 Bottom of limestone, top of rough,

broken argillaceous zone, boring
enlarged.

90.4 Bottom of rough zone, top of sound
limestone.

91.7 Bottom of limestone, top of cavity,
rock is rough and argillaceous.

94.0 Bottom of cavity.
93.9 315 73 0.0391 Open

94.5 Top of sound limestone.
95.3 Bottom of sound limestone, one side of

boring broken out into cavity.
96.3 Bottom of cavity.
96,9 breakout.
97.3 Breakout.
98.1 lop o cavity.
"99.0 lBttom of cavity, homy b crawling

me bottom, and video.
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7



Ptoj~et 1/0' ter t6r Descriptlon-sl fsd/r*a,'~4. ,/J I
Job No. AL-t r - SHEIET!C

I A)-

F-, cv -416---7(-

S.- --

.. C IL1~4L%..{ si~id S~'c,~.~ 9p~vS*1fy9

- --~ L~ C -S/ck. -+iS.~ A.J-efýc.c' -~

E-2 75



Project o_4~ 1(o~ r D 54.tpto J71d* 1~am, z
Job NO. 6f r SEE

bets 49 £1i94J-9-.

~fA.

- - - . . .- _ _ . -. 19

26......- *-~*

- - - -- ... - - ~ - - - ~ . -0003'

. -. .2-m-276



BOWLSE Erionr1

roE t..~. Desctiption ~I+j(
Job No. PK- Q- [ • MEET

-1 !

_1 473.I

- -..-. .$7 1 7o

.ii..... _i ... - - . .-• .I' --.- : - "

... .... .... ... ... . . -. 2 : • o f- -• -

_ _ _ _ __........... ....- 2. ..7

E-27 7



JobNo- m5090 HE

t- A

*~Av -1 
12.122~2.2

- - --- /Q ~C/oS .74.

82-9 ±-3, 4:7

7---

- E-278'



Jobect- Description 4

Jo o- ONSET

j -W

!~
-7

-~~~~~ C440 C 4- _ _ __ _ _-V~' *

.44 q

E-279



Jo 0. SHEET-

Sy -. at liftý1 -.I 4584

Lhz o)'7 .- - -

- --~ 2.. .77.2

;. 
.. E-28



Pro ject Description_____________
Job No. eLoqm~~-n9 SHErpto

E-281



proj*Description
Job No_ _ _ _ _ _

- j.2.5c

L..x.F.-282 .



Jrob NO. Deecription

PJob No.l [C i 5 !, 9SHE
5y hot*

O0,W r4e, - llc(.mC iOcs'

Liei17 -t- S

I. lev 4(vS5.

E-283



Jrobot Description
Jo o A-S2yoý HR

Re~V Cts1 ,r.re- D9

=71204-I'- e.S4,&.5

0-1

pIrI

E-284



Water Pressure Test Results

(



Page No.
03/17/92

CUCHILLO NEGRO DAMSITE
PRESSURE TEST SUMMARY

CORE DEPTH PRESSURE WATER TAKE ELAPSED

HOLE (FEET) (PSI) (CFM) TIME
(MINUTES)

CN-CH-09 8.0 7.0 1.50 11

CN-CH-09 50.0 19.0 1.47 12

CN-CH-1O 23.0 17.0 1.49 11

CN-CH-1O 58.0 17.0 1.49 11

CN-CH-11 12.0 8.0 1.11 11

CN-CH-11 25.0 19.0 1.53 12

CN-CH-11 50.0 14.0 1.48 11

CN-CH-12 6.0 6.0 1.73 11

CN-CH-12 20.0 12.0 1.75 11

CN-CH-12 50.0 15.0 1.70 11

CN-CH-15 34.1 14.0 1.33 10

CN-CH-15 73.8 32.0 0.25 10

CN-CH-16 33.0 19.0 0.83 10

CN-CH-16 53.0 33.0 0.80 10

CN-CH-16 54.1 23.0 1.18 10

CN-CH-16 73.0 36.0 0.11 10

CN-CH-17 48.3 26.0 5.88 10

CN-CH-17 59.7 36.0 0.74 10

CN-CH-17 64.7 38.0 0.32 10

CN-CH-18 16.5 10.0 r 96 10

CN-CH-18 24.4 15.0 0.13 10

CN-CH-18 33.4 19.0 0.03 10

CN-CH-18 43.4 24.0 0.40 10

CN-CH-18 73.4 37.0 0.29 10
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Page No. 2
03/17/92

CUCHILLO NEGRO DAMSITE
PRESSURE TEST SUMMARY

CORE DEPTH PRESSURE WATER TAKE ELAPSED
HOLE (FEET) (PSI) (CFM) TIME

(MINUTES)

CN-CH-19 32.5 19.0 6.23 10

CN-CH-19 48.5 28.0 6.28 10

CN-CH-19 58.5 28.0 3.66 10

CN-CH-19 73.5 32.0 3,77 10

CN-CH-20 30.0 0.0 3.87 10

CN-CH-20 52.5 0.0 23.0 10

CN-CH-21 43.6 19.0 22.0 10

CN-CH-21 70.5 36.0 3.45 10

CN-CH-21 93.8 43.0 4.25 10

CN-CH-21 117.5 54.0 3.69 10

CN-CH-22 43.8 22.0 1.84 10

CN-CH-22 73.5 35.0 1.87 10

CN-CH-22 87.5 46.0 0.94 10

CN-CH-23 37.0 0.0 4.41 10

CN-CH-23 62.0 0.0 4.32 10

CN-CH-23 82.0 15.0 0.70 10

CN-CH-25 13.0 1.0 5.25 8

CN-CH-25 20.0 3.0 4.71 10

CN-CH-25 40.0 5.0 3.98 10

CN-CH-25 60.0 15.0 0.94 10

CN-CH-26 14 10 1.19 15

CN-CH-26 30 20 3.14 15

CN-CH-26 58 19 4.3 15

CN-CH-27 19 12 0.51 15
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Page No. 3
03/17/92

CUCHILLO NEGRO DAMSITE
PRESSURE TEST SUMMARY

CORE DEPTH PRESSURE WATER TAKE ELAP°:D
HOLE (FEET) (PSI) (CFM) TIME

(MINUTES)

CN-CH-27 34 22 1.12 16

CN-CH-28 27 20 0.91 15

CN-CH-28 5.5 5 0.21 15

CN-CH-28 51 32 1.19 20

CN-CH-29 23 19 3.55 12

CN-CH-29 50 35 4.79 18

CN-CH-29 92 28 5.3 20

CN-CH-30 45 35 1.93 15

CN-CH-30 8 5 0.33 10

CN-CH-30 91 40 2.30 20

CN-CH-31 30 25 0.90 15

CN-CH-31 9 5 0.71 15

CN-CH-31 95 45 0.30 22

CN-CH-32 11 8 1.30 15

,N-CH-32 31 20 0.91 20

CN-CH-32 75 50 1.13 20
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Contractor's Excavation Plan



PCL CIVIL CONSTRUCTORS, INC.
Constructon Since 1906

November 30, 1989

Serial Letter No.: 050/02219/1

U.S. Army Corps of Engineers
P.O. Box 551
Truth or Consequences, NM 87901

Attn: Wiley S. Isom, II

Reference: Contract No. DACW47-89-C-0056 (Cuchillo Dam)
Rio Grande Floodway
T or C, NM

Subject: Excavation Plan

Gentlemen:

Pursuant to Technical Provision 02219, Paragraph 1, four (4) copies of PCL Civil
Constructors Excavation Plan are herewith transmitted to the contracting officer
for review.

Sincerely,

Thomas R. O'Donnell

Project Engineer

TRO:deo

enclosure

P.O. Box 2270, Tr:u:h or Consequencas, N.M. 87901 Talephone S05-743-7834 Papidfua 505-743-7836

"AN EQUAL OPPOL'"'`N EMPLOYER
F-1



PCL CIVIL CONSTRUCTORS, INC.

EXCAVATION PLAN
FOR

RIO GRANDE FLOODWAY
CUCHILLO DAN

CONTRACT NO: DACV47-89-C-0056

1. Common Excavation:

During the common excavation phase of the project, PCL Civil Constructors
will utilize the following equipment to perform the required excavation:

2 - D-8K Dozer
2 - D-9H Dozer

4 - Cat 631C Scraper
1 - 4500 Gallon Water Truck

Other support equipment may be added to the above if warranted by field
conditions. PCL Civil Constructors Material Utilization and Flow Diagram
for common excavation is represented on the attached drawings EX-l and
EX-2

2. Rock Excavation:

Drilling and blasting for the required rock excavation will be performed
by the following subcontractor:

McCaw's Drilling (USA), Inc,
1645 Court Place, Suite 315

Denver, Colorado, 80202

McCaw's Drilling (USA), Inc. will have competent and experienced personnel
familiar with all aspects of blasting on the project site. Explosive
products will be supplied by Ireco, Incorporated and the Ensign - Bickford
Company. A formal submittal of our blasting operations will be made under
Technical Provision 02219, Paragraph 7, titled "Blasting", prior to the
start of this work.

Removal of shot rock will be performed according to the Material
Utilization and Flow Diagram for rock excavation which is represented on
attached drawings EX-3 and EX-4. PCL Civil Constructors will utilize the
following equipment in the removal of shot rock:

1 - Cat 988B Loader
1 - Cat 245 Excavator

4 - Cat 769 Off-Highway End Dumps (35T)

Other support equipment may be added to the above if warranted by
field conditions.
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PCL CIVIL CONSTRUCTORS
COMMON EXCVATION FLOW CHART SUMMARY
BID ITEM NO. 2

LABEL BID BID
NO DESCRIPTION NO. FRCM NO.

1 SPILLWAY EXCAV TO SPILLWAY NORTH REQ'D WASTE FILL 2 SPILLWAY 37 S
2 SPILLWAY EXCAV TO PROCESSING PLANT (CRUSHER) 2 SPILLWAY NP P
3 SPILLWAY EXCAV TO REQ-D WASTE STOCKPILE 2 SPILLWAY NP S
4 SPILLWAY EXCAV TO EMBANKMENT DAM SEMI-IMPERV FILL 2 SPILLWAY 5 E
5 SPILLWAY EXCAV TO MAINTENANCE ROAD RANDOM FILL 2 SPILLWAf 4 M
6 SPILLWAY EXCAV TO RANDOM FILL STOCKPILE 2 SPILLWAY NP S
7 SPILLWAY EXCAV TO SEMI-IMPERV STOCKPILE 2 SPILLWAY NP S
8 SPILLWAY EXCAV TO WASTE AREA 2 SPILLWAY NP W
9 PROCESSING PLANT WASTE TO SPILLWAY NORTH REQ'D WASTE FILL NP PROCESS PLT 37 S

10 REQ'D WASTE STOCKPILE TO SPILLWAY SOUTH REQ-D WASTE FILL NP STOCKPILE 37 S

11 SEMI-IMPERV STOCKPILE TO SPILLWAY BACKFILL NP STOCKPILE 5 s
12 RANDOM FILL STOCKPILE TO SPILLWAY RIGHT ABUTMENT FILL NP STOCKPILE 4 S
13 RANDOM FILL STOCKPILE TO RCC DAM NORTH FILL NP STOCKPILE 4 R,
14 RCC DAM EXCAVATION TO WASTE AREA 2 RCC DAM NP W
15 RCC DAM EXCAVATION TO EMBANKMENT DAM RANDOM FILL 2 RCC DAM 4 E"
16 EMBANKMENT DAM STRIPPING & INSPEC TRENCH TO WASTE AREA 2 EMB DAM NP W.

TOTALS:

COMMON i
REH.

AVERAGE HAUL FOR CO!



HAUL
BID QUANTITY DISTANCE

FRC M NO. TO (BCY) (FT) BCY-FT

SPILLWAY 37 SPILLWAY 30,674 200 6134800
SPILLWAY NP PROCESS PLT 152,470 400 60983000
SPILLWAY NP STOCKPILE 126,420 350 44247000
SPILLWAY 5 EMB DAM 23,208 2900 67303200
SPILLWAf 4 MAINT RD 37,605 1700 63923500
SPILLWAY NP STOCKPILE 11,270 1100 12397000
SPILLWA: NP STOCKPILE 2,904 1050 3049200
SPILLWAY NP WASTE 107,592 1300 139869600
PROCESS PLT 37 SPILLWAY 20,335 200 4067000
STOCKPILE 37 SPILLWAY 126,420 350 44247000
STOCKPILE 5 SPILLWAY 2,904 650 1887600
STOCKPILE 4 SPILLWAY 1,840 700 1288000
STOCKPILE 4 RCC DAM 9,430 1150 10844500
RCC DAM NP WASTE AREA 3,636 1850 6726600
RCC DAM 4 EMB DAM 29,900 1400 41860000
EMB DAM NP WASTE 14,683 1900 27897700

701,291 536,735,700

COMMON EXCAV = 540,362
REHANDLE = 160,929

kVERAGE HAUL FOR COMMON EXCAVATION (FT): 765.4 FT

P C L CIVRC-ýL.iý

RIO A E FLoo0LA-v (CDC =D DAM)

I Common Excavation
Material Flow

Diagram Summary

F-4

L



-- AUXILIAi - W/7i;s
ila-r;

*17~

-&?Faxx loIr

fw= xgl-lm

NOTE: SEE DVG EX-4 FOR LABELS & alt_ (W anIy
QUANTITIES FOR ARROWS

MTA



REWMJLD AVEWr'

YI ;T -M'

!Xr. .2 -,!

IILLIAM1-:4
V;n

K4e~m~i~r~
5~ti i

AINTENANCE~

PMV!
%X0~NEfl)L4~(aiODM

VV______M____ =_

~Mz L

11TE CCMMa-rM C

wit~~~i _7 MM.kecaato

6=

Oe4 ?! FT C! 
a-a

.2~ ~~~ L' C2i~~ .

PA".~ * 2 *~ .5 ________

GR.IM IF7.JI CZE1 DN

ITOME-IU * r 'AR



PCL CIVIL CONSTRUCTORS
ROCK EXCVATION FLOW CHART SUMMARY
BID ITEM NO. 3

LABEL BID BID
NO DESCRIPTION NO. FROM NO. TO

1 SPILLWAY EXCAV TO WASTE ARFA 3 SPILLWAY NP WASTE
2 SPILLWAY EXCAV TO REQ'D ROCK WASTE STOCKPILE 3 SPILLWAY NP ST OCKPI
2 RCC DAM EXCAV TO WASTE AREA 3 RCC DAM NP WASTE
4 RCC DAM EXCAV TO GRIZZLEY (PROCESSING PLANT) 3 RCC DAM NP GRIZZLE
5 RCC DAM EXCAV REQ'D ROCK WASTE STOCKPILE 3 RCC DAI NP STOCKP7
6 MAINTENANCE ROAD EXCAV TO WASTE AREA 3 MAINT RD NP HAUL RC,

7 EMBANKMENT DAM INSPEC TRENCH TO WASTE AREA 3 EMB DAM NP WASTE

8 REQ'D ROCK WASTE STOCKPILE TO RCC DAN BACKFILL NP STOCKPILE 36 RCC DA-1
9 GRIZZLEY PLANT WASTE TO WASTE AREA NP GRIZZLEY NP WASTE

10 REQ'D ROCK WASTE STOCKPILE TO SPILLWAY BACKFILL NP STOCKPILE 36 SPILLWA'

TOTALS:

ROCK EXCAV =
REHANDLE =

AVERAGE HAUL FOR ROCK EXCý



HAUL
BID QUANTITY DISTANCE

FROM NO. TO (BCY) (FT) BCY-FT

LLWAY NP WASTE 26,541 1300 34503300
LLWAY NP STOCKPILE 1,358 600 814800
DAA NP WASTE 20,236 1850 37436600
DAM NP GRIZZLEY 7,313 1850 13529050
•.)A NP STOCKPILE 6,983 450 3142350

NT RD NP HAUL ROADS 2,314 600 1388400
DA.M NP WASTE 220 1900 418000

CKPILF 36 RCC DAM 6,983 450 3142350
ZZLEY NP WASTE 1,688 0 0
CKPILE 36 SPILLWAY 1,358 600 814800

74,994 95,189,650

ROCK EXCAV = 64,965
REHA:NDLE = 10,029

RAGE HAUL FOR ROCK EXCAVATION (FT]: 1269.3 FT

R~ock, excavation

material flow

diagram smmnarv

V-6
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PCL CIVIL CONSTRUCTORS, INC.
ConstructiOn Since 1906

January 15, 1990

Serial Letter No.: 121/03360/10.1

U.S. Ar,,,v Corps of Engineers
P.O. Box 551
Truth or Consequences, NM 87901

Attn: Mr. W'ilev S. Isom, II

Reference: Contract No. DACW47-89-C-0056 (Cuchillo Danm)
Rio Grande Floodway
T or C, N'M

Su1Iject : Roller Compacted Concrete Foundation Preparation &
Joint Treatment Plan, Amendment No. 1

Gent leuiien

Referpnce is made to your Serial Letter No. 42/03360/10.1 and PCL Civil
Constructor's Serial Letter No. 89/03360/10.1, all pertaining to the afore said
subjec-t matter. This letter and the inforination contained herein Will serve as
.Arendmdent No. 1 to PCL Civil Constructor's Roller Compacted Concrete Foundation
Preparation and Joint Treatment Plan.

1. The following is hereby added under Paragraph IB:

"Low pressure water jets will ha~e 1-inch nozzles"

2. PCL Civil Constructors acknowledges and accepts your statement regarding
the truck mounted vacuum pickup system as being a contractual requirement.
Hence, during the foundation clean-up, the specified model 2045 vactor or
equal will be on the project site.

3. The following is hereby added under Paragraph I1:

"The bedding mix will be covered with the designated RCC mix within 15
minutes after placement of the bedding mix."

P.O. Box 2270, Truth or Consequences, N.M. 87901 Telephone 505-743-7834 Dapidfaz 505-743-7836

"AN EQUAL OPPORTUNITY EMPLOYER"
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Mr. Wilev S. Isom,
RE: RCC Foundation Preparation &
Joint Treatment Plan, Amendment No. 1
Januarv 15, 1990
Page Two of Two

4. The following is hereby added under Paragraph II:

"Vertical Cold Joints:

When it becomes apparent that placement of RCC will be terminated before
the entire lift has been completed across the surface area, the RCC edge
shall be flattened to a tapered slope no steeper than 3 horizontal on 1
vertical. The tapered edge shall be compacted with the vibratory rollers
t, thp !-v-uired densitv. These joints shall be treated as Type I or Type
II cold joints and bedding mix applied accordingli. Such occurrences are
likely when a breakdown of equipment takes place or when a shutdown is
necessary due to climatic factors."

5. The continuous clock temperature recording devices will be furnished by
our material testing subcontractor, Westerni Technologies. Descriptive
literature on the type of recorders will be forwarded to the Contracting
Officer no later than Fehruar-v 15, 1990. The recorders will be placed
where diiec'ted or approved and all records will be turned in with the
QualitN Control Reports.

I trust the information presented above will satisfy the Contracting Officers
renainii g concerns regarding foundation preparation and joint treatment and lead
to an expedient approval of our plan. Should any questions arise concerning the
above, please feel free to contact the undersigned at this office.

SincerelN,

Thomas R. O'Donnell
Project Engineer

TRO:deo
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PCL CIVIL CONSTRUCTORS, INC. 1 1990
Congruction Since 1906

May 31, 1990

Serial Letter No.: 315/03360/10.1

U.S. Army Corps of Engineers
P.O. Box 551
Truth or Consequences, NM 87901

Attn: Mr. Wiley S. Isom, II

Reference: Contract No. DACW47-89-C-0056 (Cuchillo Dam)
Rio Grande Floodway
T or C, NM

Subject: Roller Compacted Concrete Foundation Preparation

Gentlemen:

Reference is made to the Government's serial letter no. 133/03360/10.1, dated
May 25, 1990, which is the latest piece of correspondence concerning the
aforesaid subject matter.

In response to the Government's letter, PCL Civil Constructors offers the

following:

1. Truck Mounted Vacuum Pick-Up System:

In order to facilitate our clean-up operations, PCL Civil Constructors will
utilize a truck mounted vacuum pick-up system. However, due to the steep
grades at the left and right abutments of the RCC Dam, PCL Civil
Constructors and the vacuum truck's manufacturer feel that employing this
type of equipment in these areas would be impractical. Hence, PCL Civil
Constructors proposes to use high volume, low pressure washing and high
pressure water jetting at the abutments. The loose material will be washed
to the bottom of the foundation where it would be collected by the
specified vacuum truck.

2. Plan for Waste Disposal:

PCL Civil Constructors plan for waste disposal was originally submitted
under serial letter no. 089/03360/10.1 on December 22, 1989. The plan is
as follows:

All of the rock fragments and loose rock pieces will be loaded,
hauled and disposed of in the waste area as depicted in the contract
documents. Wash water and small granular particles will be directed
into sumps and pumped through a header system as shown on our
Dewatering Plan.

P.O. Bz 2270, Trzuth or Consequences, N.M. 7901 T1eephone S05-743-7$34 Apidfax 505-743-7936

"AN EQUAL 7-9 UNITYEMPLOYER"



Mr. Wiley S. Isom
RE: RCC Foundation Preparation
May 30, 1990
Page Two of Two

3. Equipment List:

The following equipment will be utilized on the RCC foundation preparation:

1. International 4000 gallon Water Truck
2. John Deere 310 Backhoe
3. Cat 235 Backhoe
4. Vactor 2045 Vacuum Truck or equivalent
5. Lanada PG4 2500 High Pressure Water Jet
6. 190 CFM Air Compressor

I hope the above information addresses all of the Contracting Officer's concerns
as related to foundation preparation. Should any questions arise, please contact
the undersigned at this office.

Sincerely,

Thomas R. O'Donnell
Project Engineer

TRO:deo
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PCL CIVIL CONSTRUCTORS, INC.
Cwmtiruction Since 1906

December 22, 1989

Serial Letter No.: 089/03360/10.1

U.S. Army Corps of Engineers
P.O. Box 551
Truth or Consequences, NM 87901

Attn: Mr. Wiley S. Isom, II

Reference: Contract No. DACW47-89-C-0056 (Cuchillo Dam)
Rio Grande Floodway
T or C, NM

Subject: Roller Compacted Concrete Foundation Preparation
Joint Treatment Plan

Gent lemen:

Reference is made to Technical Provision 03360, Paragraph 10.1, titled
"Preparations for RCC placement", and your Serial Letter No. 28/3360/10.1 and
11.3. Transmitted herewith are four (4) copies of PCL Civil Constructor's Roller
Compacted Concrete Foundation Preparation and Joint Treatment Plan for the
Contracting Officer's Review.

Our plan for conveying RCC, which was requested by your letter, is still under
design. Presently, we have two (2) conveyor companies, Rotec Industries and
Morgan Manufacturing, designing custom systems for this project. Once their
designs are finalized, our plan will be forwarded to the Contracting Officer for
approval. This submittal will be made no later than February 1, 1990.

Sincerely,

Thomas R. O'Donnell
Project Engineer

TRO:deo

enclosure

P.O. Box 2270, Truth or consequences. PN.m. 9791 o Tasphone S0S-743-7634 Rapidfax 1S0-743-7636

"AN EQUAL F- i JN'rY EMPLOYER"



PCL CIVIL CONSTRUCTORS, INC

RIO GRANDE FLOODVAY, T OR C UNIT
CUCHILLO DAM

CONTRACT NO.: DACW47-89-C-0056

ROLLER COMPACTED CONCRETE FOUNDATION PREPARATION
AND JOINT TREATMENT PLAN

The information contained herein will serve as PCI Civil Constructors plan for

foundation preparation and joint treatment for roller compacted concrete.

I Foundation Preparation:

Prior to placing any concrete, PCL Civil Constructors will clean the rock
foundation surface of loose, unkeYed, and deteriorated rock, all
accumulations of soil, vegetation, grease, spilled oils, all frozen
materials, loose fragmented rock pieces, puddles or ponds of free surface
water, and other detrimental materials. The removal of the above materials
will consist of the following methods:

A. Shaping and Filling:

Shaping by minor rock excavation (trimming) of obtrusive high points,
vertical faces, and overhangs will be performed prior to the
placement of any concrete. Depending on the location, size, shape
and the quality of the rock, trimming and shaping will be
accomplished by one or a combination of the following methods:

1. Mechanical Ripping and Excavation:

Mechanical ripping and excavation will be performed by either
a Cat D-9 Ripper, Cat D-8 Ripper or a Cat 245 Backhoe.

2. Hand Pry Bar and Jackhammer:

There may be some instances where mechanical ripping is not
feasible or practical. In these instances, PCL Civil
Constructors will employ the use of hand pry bars and jack
hammers. Presently, there are two (2) jackhammers on the
project site.

B. High Volume Low Pressure Washing:

After the area has been shaped and trimmed to grade and all of the
large materials have been removed, then PCL Civil Constructors will
perform high volume low pressure water washing. High volume low
pressure water washing will be accomplished by an International 4,500
gallon water truck equipped with exterior hoses for on-the-ground
use. The truck has the capacity of more than 200 gallons per minute.

F-12



Roller Compacted Concrete Foundation
Preparation and Joint Treatment Plan
December 22, 1989
Page 2 of 2

C. Truck Mounted Vacuum Pick-up System:

At the present time, PCL Civil Constructors does not see the need
for a truck mounted vacuum pick-up system for use in our foundation
clean-up. Conventional washing, power sweeping, and other general
techniques commonly used in foundation preparation will be employed
in lieu of the vacuun, truck. If a situation arises that necessitates
the use of a vacuum truck, then PCL Civil Constructors will employ
the model 2045 Vactor or equal as specified in Technical Provision
02219, Paragraph 6.3.3.

D. Waste Disposal:

All of the rock fragments and loose rock pieces will be loaded,
hauled and disposed of in the waste area as depicted in the contract
documents. Wash water and small granular particles will be directed
into sumps and pumped through a header system as shown on our
Dewatering Plan.

II Joint Treatment:

As specified in Technical Provision 03360, Paragraph 14.5, titled,
"Horizontal RCC Cold Joints", there are two (2) Types of cold joints. A
Type I cold joint occurs when more than 2,000 degree hours have passed
before placement of a successive layer of RCC. Preparation of a Type I
cold joint will include cleaning the joint at the time when a subsequent
lift of RCC is about to be placed. A nominal 1 inch thickness of RCC
bedding mortar will be spread over the lift joint before placement of the
next RCC layer.

A Type II cold joint is defined as a joint were more than 120 hours (5
days) have passed before placement a successive layer of RCC. Treatment
of a Type 11 joint will consist of removing all laitance, loose debris,
and contaminants by high-pressure water jetting (water blasting). After
this initial treatment of waterblasting, a Type II cold joint will be
prepared in the same fashion as a Type I cold joint. PCL Civil
Constructors does not anticipate Type II cold joint being formed on this
project. However, a water blaster, Hydro Broom Double Nozzle, capable of
1,500 psi, will be available on the project site if the need for such
equipment arises.

P-13
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PCL CIVIL CONSTRUCTORS, INC.
Conruclion Since 1906

November 27, 1989

Serial Letter No.: 044/01565/2.1

U.S. Army Corps of Engineers
P.O. Box 551
Truth or Consequences, NM 87901

Attn: Wiley S. Isom, II

Reference: Contract No. DACW47-89-C-0056 (Cuchillo Dam)
Rio Grande Floodway
T or C Unit, NM

Subject: Dewatering Plan

Gentlemen:

Pursuant to Section 01565 of the Technical Provisions, four (4) copies of PCLConstructors Dewatering Plan are herewith transmitted for the contracting
officers approval.

Sincerely,

Thomas R. O'Donnell
Project Engineer

TRO:deo

enclosure

P.O. Box 2270, Tru:h or Consecuences, N.4. 87901 Teleahone 505-743-7834 Rapidfax 505-743-7836

"AN EQUAL F-14 UNITY EMPLOYER"



PCL CIVIL CONSTRUCTORS, INC.

DEVATERING PLAN
FOR

CUCHILLO DAM PROJECT
CONTRACT NO.: DACV47-89-C-0056

This proposed plan for dewatering is to show locations and capacity of dewatering
pumps, sumps, collection, and discharge lines to control ground water and surface
water.

The temporary dam shown on the plan is designed to divert up to 250 cubic feet
per second (CFS.) of ground water and surface water through the lower level
outlet works. This will keep the construction area at the dam structure free
from water. The lower level outlet works consists of a 60" pipe which is capable
of 250 CFS.

As per Sectior 01565 Dewatering and Care of Water, Paragraph 3, flow in excess
of 250 C- ,Il be considered cause for equitable adjustment. The 250 CFS would
be meaqT1>:d at the U.S.B.R. gaging station shown on the plans and as indicated
in the specifications.

Lxcess water shall flow through the existing channel during construction of the
lower level outlet works, then, upon completion, the temporary diversion dam
shall divert water through the low level outlet works. The dewatering operations
shall pump ground water encountered during the foundation excavation.

The three dewatering pumps shown on the standard work drawings submitted herewith
are used for dewatering at the dam structure during construction.

Collection and discharge lines are shown on standard work drawing SW-9 and are
as follows:

1. Discharge lines |1, 12, and #3 are approximately 200 feet long and
discharges excess water which may pass through the temporary diversion dam
to keep the construction area free from water. Discharge pump #1 is a 4
inch sump pump which will be used as the main dewatering pump. Pump #2
is a 6 inch trash pump and pump #3 is a 3 inch trash pump which will be
used on a stand-by basis.

2. Discharge line 14 transports water from the storage pond approximately 25
feet to the crusher and batch plant site.

3. Collection line 12 pumps water from the existing well, which will be used
as the primary water source, to the storage pond and to the batch plant
site. The line is approximately 600 feet and the well is approximately
100 feet deep.

F-15
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Notes:

1. The temporary dc -sion dam will be approximately
75 feet long. Ac ual length shall be determined
in field at time ' construction.

2. Locations are tentative and are subject to changes.

3. The temporary diversion dam shall be constructed
using acceptable semi-impervious fill material.

4. Stand-by pump locations will be dictated by
actual field locations.

5. Rock rip rap shall be placed at outlet of
dewatering pumps for erosion control.
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PCL CIVIL CONSTRUCTORS, INC.
Construction Since )906

December 02, 1989

Serial Letter No.: 057/01565/2.1

U.S. Army Corps of Engineers
P.O. Box 551
Truth or Consequences, NM 87901

Attn: Mr. Wiley S. Isom, II

Reference: Contract No. DACW47-89-C-0056 (Cuchillo Dam)
Rio Grande Floodway
7 or C, NM

Subject: Dewatering Plan

Gen t 1 emen:

As per your Serial Letter Number 14/01565/2.1, the enclosed is additional
information to be incorporated into the Dewatering Plan

Discharge pump #1 is a 4 inch sump pump designed to pump 400 gallons per minute
which will be the main dewatering pump. Pump #2 is a 6 inch trash pump with
capacity of 1,500 gallons per minute and pump #3 is a 3 inch trash pump with
capacity of 600 gallons per minute. Both pumps #2 and #3 will be used as
optional stand-by pumps. All discharge lines shall be aluminum quick coupling
irrigation type or standard flexiable hose.

The existing well is to house a 7-1/2 hp. pump capable of 300 gallons per minute.

The plan for diverting water to the small arroyos to the south of the dam is to
set rip rap or various size rock into a pit to control erosion. The discharge
into the rip rap is to slow the outlet rush of water to the south of the dam,
and to allow seepage into the existing gravel as ground water. This shall create
close to an existing condition downstream.

P.O. box 2270, Truth or Conaequenceu, N. _i Telephone 505-743-7S34 3*Vidfx 505-743-7636

"AN EQUAL -- jNrTY EMPLOYER"



Page 2 of 2
Dewatering Plan
December 22, 1989

As per Section 01565 Dewatering and Care of Water, Paragraph 3, flow in excess
of 250 cfs that damage permanent work or previously prepared foundations will
be considered cause for equitable adjustment. The 250 cfs would be measured at
the U.S.B.R. gaging station shown on the plans and as indicated in the
specification.

The temporary diversion dam shall be used to divert water from the Cuchillo Negro
creek channel through the lower level outlet works during construction of the
dam structure. The diversion dam will be constructed as follows:

1. The required random fill will be backfilled on the upstream face of
the dam to the invert elevation of the lower outlet works pipe.
(elev. 4618).

2. The diversion dam will be constructed of semi-impervious materials
in the following dimensions:

Length = 110 ft.
Height = 10 ft.
Top Width = 10 ft
Side Slopes = IV or IH

Please note all locations, materials and sizes of pumps and lines are subject
to change depending on availability, source and final conditions.

Sincerely,

Thomas R. O'Donnell
Project Engineer

JM:deo
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PCL CIVIL CONSTRUCTORS, INC. MAY 21 1990

Convruction Since 1906

P.O. Box 2270, Truth or Conequeies, W. F -20 'Jla1phona 505-743-7334 Xapidlax 505-743-7836
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Contractor's Plan to Remove Differing Site Condition Material



PCL CIVIL CONSTRUCTORS, INC.
RIO GRANDE FLO)ODWAY, T OR C UNIT

CONTRACT NO.: DACW47-89-C-0056 (CUCHILLO DAM)
CHANGE ITEM 24, CORPS FILE C-37

REMOVAL OF DIFFERING SITE CONDITION MATERIAL

PLAN OF OPERATION
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PCL CIVIL CONSTRUCTORS, INC.
CONTRACT NO.: DACW47-89-C-0056

CHANGE ITEM NO. 24: REMOVAL OF DIFFERING SITE CONDITION MATERIAL
PLAN OF OPERATION

INDEX TO CONTENTS

PLAN OF EXCAVATION ................... ........................ PART I

BLASTING PROPOSAL (McCAWS DRILLING) ........... ................ .. PART II

PLAN TO PROTECT OUTLET STRUCTURE.S ........... ................. ..PART III
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CHANGE ITEM NO: 24

REMOVAL OF DIFFERING SITE CONDITION MATERIAL

PLAN OF OPERATION

PART I

PLAN OF EXCAVATION
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AM
PCL CIVIL CONSTRUCTORS, INC

RIO GRANDE FLOODWAY, T OR C UNIT
CHANGE ITEM NO. 24: REMOVAL OF DIFFERING SITE CONDITION MATERIAL

PLAN OF EXCAVATION

The first step in the removal of the differing site condition material is to
remove certain safety features at the High Level Outlet Works which will hinder
the drilling operations. These safety features include the wire mesh at the
left abutment of the RCC Dam, the safety handrail, the stairway to the High
Level Outlet Works and other miscellaneous equipment and supplies. The removal
of these items will be performed while the drilling and blasting equipment is
being mobilized to the project site.

In order to gain access to the left abutment of the RCC Dan,, an access ramp will
be constructed downstream of the excavation as shown on the Corps of L:;ýineers
sketches. This ramp will allou the drilling equipment and excavation equipment
to access each stage of the excavation. The ramp will be constructed as shown
on the enclosed drawing "C37-l" with an approximate width of 10 feet and a grade
of approximately 17 percent.

The removal of the differing site condition material at the left abutment of the
Roller Compacted Concrete Dan, will be accomplished in two benches. The first
bench will start at the top of slope at the High Level Outlet Works, which will
be marked by the C.O.E. Geologist, and proceed to a total depth of excavation
of approximately 15 feet. The drilling, shooting and excavation will commence
at the downstrean, limits (Sta. 3-50D -) and progress upstream. The second bench
will continue to the bottom limits of the excavation which is the well defined
limestone band at the approximate elevation of 4640. Drilling and blasting will
be performed by McCaw's Drilling (USA), Inc., which is PCL Civil Constructors
subcontractor for this specialized work. Techniques of controlled blasting
which will be employed in the prosection of this change is presented in Part II
of this plan.

Mucking of the shot rock at each bench level will follow the drilling and
shooting in as much as possible. The shot material at the first bench will be
"backcasted" to the second bench using a Cat EL 300 Backhoe. The shot material
at the second bench will then be "backcasted" to the Low Level Outlet Works
bench using the same hydraulic excavator. All the shot material at the Low
Level Outlet Works bench will then be rehandled again to the dam foundation
floor. Once the material is deposited on the dam foundation flo-,', it will be
loaded and hauled to the waste area, as shown on the original contract
documents, using Caterpiller 769 Off Highway Trucks.
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GENERAL PROCEDURES

1) All blasting will be done by experienced and competent
personnel employed by McCaw's Drilling (USA) Inc. Technical
assistance will be supplied by:

a) Woodard Explosives
P.O. Box 12356, Station F
Albuquerque, NM 07195
Phone: (505)877-2400

b) Atlas Powder Company
6851 South Holly Circle
Suite 100
Englewood, CO 80112
Phone: (303)779-1200

2) Resumes of the on-site personnel for MeCaw's Drilling (USA)
Inc. iMr. Kevin Joe and Mr. Kevin Stevenson) were submitted
earlier in the project and subsequently approved by the
contracting officer.

3) Explosives products will be stored at a location within the
project boundaries as approved by the contracting officer.
The location will be selected to comply with all local,
state and federal laws, as well as, the United States Army
Corps of Engineers Manual - EM385.1-1, section 25.A-19.
Magazines have been federally inspected and meet the
requirements of the Bureau of Alcohol, Tobacco & Firearms,
as outlined in 27 CFR55, subpart K.

4) Explosives products and accessories will be supplied by
Woodard Explosives of Albuquerque, NM - (505)827-2400. The
explosives products that we anticipate using on this project
are as follows.

a) Atlas High Explosives

i) Gelmax (1", 1 1/2" & 2" diameter)

b) Ensign Bickford Products

i) Short period electric caps (period 1 to 20)
ii) E-Cord (35 grains per foot)
iii) Primacord (200 grains per foot)
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5) Our firm will be submitting detailed blasting reports for each blast per
section 7-21-5 and section 7-6 of the contract documents. In addition tc
this, we will have three VMS 500 seismographs which will be used to measure
and record peak particle -,-olocitv, amplitude, frequency and overpressure
(air blast) in the vicinity of the blast and the structures at risk per
section 25-C of Corps manual - EM 385-1-1.

INITIATION SYSTEM

2) For this portion of the work, we will be using an electric system of
initiation, in-hole detonators and tie-in. For precise blasting operations
where delavment is critical, it has been our experience that electric
systems tend to give the more precise control required for this type of
work.

BLAST DESIGN

2 'Our general approach to this portion of the work will be as follows:

The 'eft azitment will be blasted in two benches. Fhe first bench will
be at a height of 15'.

The second bench will be to the bottom of the well defined limestone band
or the top of the clay infill material (approximate elevation - 4644.0).

Blasting will begin at the downstream limit of the excavation and progress
upstream. The delayment, patterns and tie-in sequences will be determined
in the field by trial blasts and the results of the seismograph monitoring.
Generellv, our patterns for production blasting will be 4' X 4' and
5' X 5' and hole diameters shall not exceed 3".

The spacing for wall control holes will be 24" c/c or as approved by the
Contracting Officer.

The column loads will be determined by the results of our trial blasts and
will be detailed on our preliminary blast proposal forms as required per
section 7.2-1.5 and section 7-6 of the contract documents.
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MAGAZINE LOCATION & SPECIFICATIONS

1) Specifications

a) High Explosives Magazine

Type: Type 2 with skids
Dimensions: 8 X 8 X 10
Capacity: 12,500 lbs
Construction: 21/4" steel with interior lining of 2" of

hardwood, and 1/2 " plywood or particle
board.

Ventilation: Adequate
Locks: Two American locks with 7/16" shackles.

The locks have hooded covers.

b) Detonator Magazine,

Type: Type 2 portable with skids
Dimensions: 3' X 3' X 5'
Capacity: 2000 caps (approximately 5 Ibs

explosives)
Construction: 1/4" steel with interior lining of 2" of

hardwood, and 1/2" plywood or particle
board.

Ventilation: Adequate
Locks: Two American locks with 7/16" shacks.

The locks have hooded covers.

2) Security of Magazines

The magazines will have locks in accordance with ATF Publication
- Page 5400.7 (11/82). The magazines will be kept locked at all
times while unattended. "No Trespassing" signs will be posted at
appropriate locations around the magazine site.
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SAFETY

2) On this project, we will be fcllowing the safety program
established by the general contractor, including testing for
substance abuse.

In addition, to this we will have art orientation with each
new employee specifically tailored to working with
explosives.

The receiving, transporting, handling and use of explosives
will be in accordance with all applicable local, state and
federal laws and the United States Army Corps of Engineers
Manual EM 385-1-1, Section 25.A-19.

Prior to commencement of blasting, a eurvey will he made at
the blast site to check for extraneous electricity.
During loading operations, we will have a model 350
lightning detector set up to monitor atmospheric etatic
electricity. The detector is equipped with two warning
systems - "Light and Sound", each blast will be covered with
10' X 15' rubber blasting mats to prevent fly rock. During
loading operations, persons not directly involved in the
blasting operations will not he allowed in the blast area.
All blasting operations will be conducted with maximum
emphasis on safety and in accordance with the Corps of
Engineers publication EM285-1-I.
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PCL CIVIL CONSTRUCTORS, INC.
RIO GRANDE FLOODWAY, T OR C UNIT

CHANGE ITEM NO. 24 - REMOVAL OF DIFFERING SITE CONDITION MATERIAL

PLAN TO PROTECT OUTLET STRUCTURES

Low Level Outlet Work:

The first step in the protection of the Low Level Outlet Works is to
salvage all of the removable components of the structure without subjecting
PCL Civil Constructors employees to the slope stability hazard of the left
abutment of the RCC Dam. Concrete formwork and reinforcing steel will be
removed and salvaged at the intake structure, 60" pipe encasement and the
stilling basin. In addition, all safety handrail, lumber walkways and
miscellaneous supplies will be removed from the Low Level Outlet Works
area. Some components of this structure are either impossible to remove
or are hindered due to safety considerations. These components will remain
and be replaced after the changed work is completed.

The next step in the protection of the Low Level Outlet Works is to cover
the structure with a protective layer of sand. PCL Civil Constructors will
use a screened 3/8-inch minus sand, meeting the gradation requirements of
the Roller Compacted Concrete fine aggregate. This material will be loaded
and hauled from our present stockpile area to the top of the left abutment
of the RCC Dam using Caterpillar 769 Off Highway Trucks. Placement of the
protective sand will be accomplished using a Manitowoc 410e Series 2 Crane
and two yard concrete buckets. The concrete buckets will be filled using
a Michigan L70 Front End Loader and lowered to the Low Level Outlet Works
using the Manitowoc Crane.

After the differing condition material is excavated and removed from
the left abutment of the RCC Damn. Bulk clean-up of the protective
sand will commence. Bulk clean-up will consist of machine and hand
removal. Approximately two thirds of the material will be removed
using a John Deere 310 C Backhoe which will leave approximately one
third to be removed by hand. Final clean-up of the protective sand
will consist of vacuuming, air/water jetting and high pressure
washing of the Low Level Area floor, walls, 60" pipe and pipe
pedestals.

II High Level Outlet Works:

Protection of the High Level Outlet from the affects of blasting will be
accomplished using blasting mats and seismographs which will be used to
measure peak particle velocity, amplitude, frequency and air blast at this
structure. All blasting will be controlled to keep the maximum peak
particle velocity at this structure to 2 inches/second. The technique
which will be employed to minimize the effects of blasting on the
structures is explained in detail in The Blasting Proposal Section of this
plan (Part II).
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DEPARTMENT OF THE ARMY
ALBUQUEROUE DISTRICT, CORPS OF ENGINEERS

SOUTHERN AREA OFFICE
""pT P.O. BOX 86, FORT BLISS, TEXAS 99

FAX (915)56&1348

November 26, 1990

Const.-action-Operat ions i'io

Serial Letter No. 239/P00024

SUBJECT.: Contract No. DACW47-89-C-0056, Cuohillo Da=, Rio Grande :codway,
T or C Unit. Sierra County, NM; Modification POC024 and Direc: of Work

PC. Civil Constructors. inc.
P.O. Box 2270
Truth or Consequences, .! 879CI

Gentlemen:

As a result of a reeting at :he 4ob site on November 21. 1990 :o discuss
the scope of vork necessary to remove material on the left dam abutment. :
have determined it to be in the best inreres: of the Gcvernrmen-z to direct acme
aspects of your work. You are directed to proceed with remcving :he materia
on "he left abutment as previously directed in Modifications PC^022 and
P0C24, however your nerformance shall conform to the ;oilcwing:

A. Do not construor a temotr-ary road from the KOW bench. downstream to
the canyon .-2oor. Drilling equipment can be placed by crane. :: 4a
anticipated that thia is the only equipment necessary at tht HiIZ4 Cench.

B. Orill and b.last p:*-spli•t heles at 2 foct centers alcnr the :'LC^
.bench to a depth of appioximately 3^ - 25 feet. It is the in:ent to construct

an intermediate bench at approximate elevation 4655, Juat above the lower-
most iedge of limestone. Due to the type of material in this aria, Production
drilling and blasting is not believed necessary. All drilling and =cking
shall progress from downstream to the dam axis.

C. A temporary haul road shculd be constructed from the downstream
canyon !:tor up to the intermediate bench. This road should be wide enough
(20' -/-) to safely allow for backing of hauling equipment. A low berm
constructed on the dcwnsbo.e edge cf this road would provide an added measure
of Safety.

t. Excavation o. the caterial above the intermaediate ben.ch shall be
accomplished by equipnenz located on the intermediate bench, placing material
from the m:avation directly in:o hauling equipment :ocated on the
Lntermadiate haul road/bench. A waste area downstream of the spillway will be
located by the Resider.n Engineer in the fie*d. .n the event any oversize
mater'al is encountered, it can be pushed over the bench and down into the
canyon. In the meeting. Mr. O'Donnrll expressed a safety concern with putting
equipment on the intermediate bench. 1: is anticipated that the bench will
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have a mniimum width of 25 feet. Since the hauling equipment is approximately
"14 feet wide. and your excavator requires a minimum of 16.5 feet to ovwng. I
believe the bench will be wide enough. Another concern is with the integrity
of the limestone underlying the bench itself. Although this item vwil be
closely watched by all parties while equipment is on the bench. I believe the
situation will be safe. It appears from the exposed face of this ledge that
the material is competent. Equipment will only be on portions of the bench
from which the heavy load of overburden has been removed. The rock units
exposed on this face dip inward towards the face of the excavation.

E. After excavating the material above the intermediate bench, drill and
blast the remaining limestone ledge from the intermediate bench. It is
believed that production holes will be required. Zxcava-orn from this area
should be removed in a fashion simiar to the process used above the
intermediate bench.

7. Remova. of LLOW protection sand shal. be by vacuum truck.

G. Excavation above the intermediate bench should begin as soon as pro-
split drilling proceeds a sufficient distance along the bench. This will
allow for the minimum of lost rim if this method of work does not progress as
anticipated.

H. :he necessity of having a blasting consu-tant on site at all times is
questionable. The cost of S600/day is also questionable since this service is
usually provided by blasting-material manufacturers at no cost. A blasting
consultant shall only be used for a masxi-.- of two days, unleas otherwise
directed by the Resident EnSineer.

The above direction-c!-work may be modified by the Resident Engineer as
conditions warrant. This direction has been developed by my staff after
discussions with Mr. O'Donnell. Although we are directing some items of work.
we at--il appreciate PCL's input and ideas on this matter. Although I believe
the above direction Vill result in the most efficient method of accomplishing
this additional work. I would hope that any ideas which PCL may have to
minimize delays as the work progresses will be shared with us. Although you
may not agree with the Government's approach as being the best. I am confident
that PCL and its staff will cooperate in a professional manner to accoaplish
this work in the most expedient and efficient manner possible, mitigating any
delays to either party.

Sincerely.

Administrative tracting Officer

Copy ?urniabed:
N.C. Tennock Dist. Manager
DAP/slr
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Contractor's Wire Mesh Installation Plan
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PCL CIVIL CONSTRUCTORS, INC.
Consrmcon Since T906

December 15, 1989

Serial Letter No.: 080/02219/10.2

U.S. Army Corps of Engineers
P.O. Box 551
Truth or Consequences, NM 87901

Attn: Mr. Wiley S. Isom, TI

Reference: Contract No. DACW47-89-C-0056 (Cuchillo Dan)

Rio Grande Floodway
T or C, NM

Subject: Wire Mesh Installation Plan

Gentlemen:

Pursuant to Section 02219 of the Technical Provisions, four (4) copies of PCL

Civil Constructors wire mesh installation plan are herewith transmitted for the

Contracting Officers approval.

Sincerely,

Thomas R. O'Donnell

Project Engineer

dM:deo

enclosure

P.'. lax ::70 o "nrsetenceiS. N.: .a2Tlatina LOn Y K L "

-A.N E'ZVAL ~NM* £:1PLOYER,



10' Max.
(typ.)

Nut (Temporary) N* .\ .
' I.J.L.---- 3" X 3" Plate (Temporary) N

Wire Mesh (Temporary)
~~ ~Nut (Permanent) 'K

-6" X 6" Plate (Permanent)

Rock bolt or temporary 1-2
Rock all thread to be cut off

at base when no longer needed., ....... .... . <. Wire /
Mesh

WIRE MESH MOUNTING DETAILS

NOT TO SCALE

NOTE:

1. The nut and plate shown to hold wire mesh in place is temporary and shall
be attached to a permanent rock bolt or a temporarily installed allthread
rod.

2. Allthread installed where rock bolts are not required shall be cut off
at ground level when wire mesh is no longer needed.

3. Maximum spacing shall be 10 feet for allthread rod needed. Spacing for
rock bolt shall be as directed by the Contracting Officer.

4. The temporary nut and plate used for securing the wire -mesh shall not
conform to the nut and plate specification for rock plating due to the
temporary nature in which they are used.

5. Wire mesh shall conform to specification Section 02219-10.2 of the
contract specifications.

6. Allthread used to mount wire mesh temporarily shall be imbedded into the
rock 2.5 feet using the same method as rock bolts, with 6 inches protruding
to place temporary plate and nut.

P C L CIMVL CM±EC5

RIO GWW FLOMU (CMMIf DAM)

INSTALLATION PLAN
OF WIRE MSH ON
ROCK SLOPES
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WlC-IA. R1ANSAS

96 'PASO. VSKAS

1.a, CAN-,ITT ,. P.O. BOX 2270

"IVa, €e .... meo'IaTRUTH OR CONSEQUENCES, NM A7901
GALl*UP. HEW HI•iCO

.*i.ii.OTO9. NeW 1ire•CO

Non restrictive chain link fence specification

Materi als
Fence fabric shall be new and free of defects, from recognizied and
reoutable manufacturers, unless otherwise specified. Materials will be
hot dipped galvanized with zinc coating measured inn accordance with
ASTM A-90. Materials shall be American -made and certified by the manufacturer
in accordance with the Buy-American Act of Avril,19F4.Fabric shall be 2"
mesh, 21 gauge, hot dipped galvanized.
R7FEP1VNCS
RR-F-191/IC Chain Link Fence Fabric
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PCL CIVIL CONSTRUCTORS, INC.
Cormruncic Since 1906

December 22, 1989

Serial Letter No.: 090/02219/10.1

U.S. Army Corps of Engineers
P.O. Box 551
Truth or Consequences, NM 87901

Attn: Mr. Wiley S. Isom, II

Reference: Contract No. DACW47-89-C-0056 (Cuchillo Dam)
Rio Grande Floodway
T or C, NM

Subject: Rock Bolts

Gentlemen:

Pursuant to Technical Provision 02219, Paragraph 10.1, titled, "Rock Bolts", the
following information is herewith transmitted in four (4) copies, to the
contracting officer for review:

1. Manufacturers written installation procedure for rock bolts
2. Drawing IB-JR-1124 showing rock bolt installation
3. Technical data on 1-inch diameter rock bolts
4. Drill hole fill chart for anchorage
5. Technical Date on 1-1/2 inch O.D. coupling
6. Technical data on WIL-X non-shrink grout
7. Laboratory certification for WIL-X non-shrink grout
8. Technical data of T72 tension jack
9. Manufacturers data on CG-600 colloidal grout plant

Our rock bolt supplier, Williams Form Engineering Corp., has proposed the use
of rock bolts in 15 ft. lengths with a coupling to join two (2) sections of steel
bringing the total length to 30 ft. as required by the contract documents. McCaw
Drilling and Blasting will be our subcontractor for the installation of the rock
bolts.

Sincerely,

Thomas R. O'Donnell
Project Engineer

TRO:deo

Enclosure
P.O. Box 2270. Truth or Con•q•uw©na, N.m. 67901 Telsohone S05-743-7834 foldfai S05-743-736

"AN EQUA. OPPORTUNrrY EtPLOYER-
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FOM ENOINE!RP4 COI

IN.STALLATION PROCEDURE

Drill 1-5/8" diameter hole to a depth 2" lens than overall
rod length to be used. Use rotary percussive equipment.

* Clean hole of dust and debris using high pressure air.

• Insert proper number of 35mm cartridges to bottom of hole.
Precautions should be taken to prevent bursting.

Insert bar and rotate 200-250 RPM through cartridges. bar
should spin for 20-30 seconds after full insertion and reach
a minimum of 75 revolutions.

Installation of rod through resin cartridges should be
completed within 6 hours of drilling of hole.

Place plate, (2) bevel washers, hardenod washer and hex nut
on bar and position bar in center of hole until full cure of
t esin.

Attach test jack assembly to top of bolt and tension to
required load not to exceed 37,500 lbs.

Tighten nut against plate using proper wrench and release
jack pressure. Then remove jack.

Cement grouting of top portion of hole to be done on
permanent bolts. Insert grout tube thru keyhole in plate to
top of resin elevation, Inject grout at steady flow thru
tube to fill hole and slowly extract tube. Top up hole as
necessary.

In addition to the above procedure, all requirements set forth in
the Job specifications are to be folloWed.

SC w GFF4- RAP.OS, Me@Md 4$10 :$16 MO"1
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sOM Whe~~L!q..'~n fully cured, the resin is stronger than rock anti
& ~ Most other n~aterIaS1 into WhICh It to likely to be use.-
U *Please refer to the following test data which is bilsecI I on our standard reel", Cartridge. WILLIAMS FORM can

- r ~ ~j supply higher or lower rqsim strengths i0 suit the
~ "~~24 -' application. Fiqase contact a WILLIAMS represonla(6.a

- - - - for further Information.

Uriaxial Comprossiva Strength 103.33NImrn2 (15,000 lb' In2)
S30M j

-Tensile Stegh(em test) 22.1 N,,mm2 (3,200 lof in')
.~* - -- :;J:,t . Unconfined Shear Strength 52N/rnm2 (7.500 oil)

j * - This (;hart is Intended as a guide for on slte trials
i. which will establishl the %worklng specifiralloneis n

13M - ~~. he aCtuall ground cufld lions.

DRILL HOLE FILL CHART -(Per cartridge)

No. 3 441 20' Is, 1 140Ig
*d51(30 iSI (8) 301 5? S

111111 (4117 (I=~ (361) ON

It IdM ma 14n4 a=m - _ _ -

18 21' 16 ip20 Isw

441. 14m pS-a i 4001111 (497) al) m :8
OaLLMOL OiAVER t ir4~ ~ww a~ s~t *Mt*141M .tl f4*)4~S.J* t4 5Is*u

lipid" mwsin caa bell)ee

[M LoO ensure coplt 011uin when prteuone ul totd Pa oil arleo

W ORE1~IQ lNO~MAIO * fifteen-Trhincrtri-dThs IS norm~allued wit WILLIAnMtyeSl f stgtings cartridge

lured can be found III the usage charl. The size of the cortridge risquiia.i IV 111p
ordering pert nuMber. The 7ypfe refers to the getltilnu relquirea.
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HIGH TENSILE STEWAH4R NORNWiliam SI Hih Tnsl. ie ods WAERSEAL WASHER
52 Pili tams9 igh To nsils, T.S Rod *,8 De.¶;gned to prevent .vater leakage along the lipPigCotailuu Tra A o~ hoi'? id11 rod. Available in tie-roc sizes 1!2"-1.1/4". Special

sizes available, vo'on wresu4t.

Werk~. tfll. OA
Cie F1111111 U4sill. dutk*S~g

mom TMd. Thdl. Kll Kai KA

a -15.L-5 2.2 0 21.

2 L a iso Nuoo07,0 98
102892 334 43.63/"114

6 .13 NC L2.000 13,000':. 11000 *4 '

~'11 53.4 578' -j0r- 1-1/2I
/18" 4-1/2 11 NC LO-6-60 21,000 25.000 Ali~~' ~ 5

id74.1 9733 111.2 .... XL.
%3/4- - -30`0, -k"

17 2.0 204.6 2N8.0 B7G CONTINUOUS
"'"I I 5000 6.00 ;0 MILD STEEL COIL ROD

` 244 26, .$5f? WILLIAMS S76 Coil Roo is manufacturedJ in mild
-Steel. It IS AValilable In 31A", I" slid 1-1/4"

I 1-1/ --! C6.0 c uOO 9.0 diameters. Standard Iengthst 10'0'. Btocked flaill
S29 286.0 320.3 400.4 diamneters. Sao chart below for ittrengrns.

32 . 5511 Vat

--18 1 UN 90,000 110.000 138000
_5 _ 400,4 48 V.27 6004

161/" 31/2 1.~95.000 112.000 ý140;000
731r W - -422.8 408;2" P62:IP

D"- 8UN 2006.50 255,000 310.000 fl
-- ___919.3 1134.3 1379.0

'eased an aWDox=mat 1.5 to 1 salary Factor 3/4-4-1/2 112.00-0168. 18.000 IN.

1_2-1/ on1/ 30- 102. 5ale:W IDS.
Milo slim to' stmnltard lenglil.
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CCoil thread Couplngs

DNuw 4A Load Ulrimust
3/811-8 3/4" M-/2" 7,.00 ibs, -11,900 ibs.

1/20,4 3/4" 2" 17,000.1oo . 2.00oo IDs. WHEN ORDERING
5/8"-4'.2 1"/ 2-1/2" 25.000 bts. 39,0001 s. COUPLINGS PLEASE

-SI4*'#.4r/ 1.1/5' 3" 31..ooo ls. 40,000 0s, SPECIFY: 7
1!6"'-41/2 1-1/4' 3-1/2" 39.000 lbS. 58.000 lbs * Type - CIT Or C2T etc.

S1"-3-1/2 1-1/2' 4" 54.000 Ms. 11,000 lbs. R
1-1i8J"3.1/2 1-5/8' 4-112" 51.000 lbs, 91,000 lbs. o Rod Diameter
1 .1 14 " -3 . 1/2 1.7 8' 11 - 3 .0 0 0 Ib s . t25 ,0 0 0 lb s. T r Tia e
1.1/2-"3-1/2 •./14' 6" 99,800 10s, 149.000 ls. * Thread Type

-- - or Types
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WII*X is chigmically Compensatedl for sirinkage. It has a high 0011d v,41'0- '" 3 4
crick resistant( for permanenit iristal lat oions and i-ore durablo grout. Because I Is

a celnienti(ro.it, it is non-explosive and has a long shelf 'ito when kept dry.

W4Ii.X may be used to build up leveling pads by simply mnixing with saod or oea

gravel. This mixture should not be run through the grout pumrp.

SETTING TIME: Gilmore Needles (ASTM C0266). Iniitial so'. 45 minutes: final set 10
hours.
COMPARATIVE COMPRESSIVE STRENGTH TEST IN PSI (modified ASTM C 109) *5 gallon

3 dJays in moist airI4 days In water 2800.) Actual strengths as mixed according to - resealabb?..

Williams instructions range from 6000 to M00 PSI depending onl waler content. - rltrep-O

'Copy of ASTIM Modification available upon request.

1PIL

STEEI. PLATE (A) .' j

WASMFIR (A) 
'N

2 BEVEL
/L WA$NFAES

PLASTIC GFIOUT TUBEE
WITS THOU KEYI4OLE SLOI

IN SOLJARE WARI4E0.

S4Z WIL.KWIK*SET (A)
A fact setting cement with an initial set time from 3 to 6 minutes. it's primary use
Is to hold the do-air tube in place and seai off the entrance to the ~Iril ho01e around
the Williams HoI'ow Core Rock Bol1t. Mix WiI.Kwik.Set with wate~r until a soft
paste Is obtained which can be formed into a 4' to 5" ball. Place grout tube in drill
hole next to rock and press bali of Wil.Kwik-Set around bolt and tube, making sure
entire dr1l hole is closed Off. Place bearing plate over end of rock bolt and grout Avaa#Ibla in,

tube and press firmrly against rock And WiI.Kwlk-Set until plate Is wellI seated i 01M

against rock. Bolt may ImmediatelY be tensioned and grouted with Wil X-Cemsent *u,1%l reW*Ioh

,'t*ut. New Wil.Kwik-S.St Is also rfcoMmended for patching leaks, cracks, cone *polfltooinOICall ~ts
and tie holes or calking arQunc pipes in masonry or concrete wail$ or (foors.
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SOUTHWESTERN PORTLAND CEMENT CuMP.NY
E ASTERN. [Av~ VC 'C A . AS~'~ IF .. N . 1 9' # 201i11(,Pi 1.-:. ý1.

CERTIFICATIO.N
r,:bruary 22, 1989

Consignee: Carrier Date
Williams Form Engineering Corporation No. No. Tons Shipped
1SC0 Madison Ave., SE
P. 0. Box 7389 49510 W11'
Grand Rapids, Michigan 49510liUiFurr Evi ea! 9

This QuaebAesuran@*F 4";I~n' I'D$--1940
receive_ I ind dew-'nea OC~ee'tOr 10

Expansive Cement, Type E-I(K)** . ..

A.S.T.M. Oesignation C845-87
byl • Un

Foderal Speci fication '. C t Ahauranfle7;_7____-

PHYSICAL DATA checked by: "tMil'•AT '-- -

SpecifIc Sulrface: Chemical Cnmpositlon: Percent
(Blaine) Sq. Cm. per Gram 4020
(Wagner) Sq. Cm. per Gram -- Silicon Dioxide (SIO0) 18.7

Soundness; Aluminium Oxide (Al 0)) 5.5
Autoclave Expansion * % Ferric Oxide (F@2 03 - -(6..
Restrained ExpanSion; 7 days 0.075 % Magnesium Oxide (MgO) 4.5

Time of Setting: Sulfur Trioxide (SO3) -- .8
Gillmore Initial I Hrs. 00 Min. Loss on Ignition 1.6
Glilmore Final 3 Mrs. Min. Insoluble Residue, 0.1
Vicat Initial - Mrs. Mi. Tricalcium Silicate
Vicat Modified I Mrs. 4 2 Min. Tricalcium Aluminate *

Alkalies, Eqv. Na.2O
Air Entrainment, % by Volume 8.6

Comnpressivi! Strength Lbs. per Sq. In.
(Z--h Mortar Cubes)

I-Day . Z.500
3-Days _630,

7-Days 4300
'8-Oays -- *Not required by specification.

W. hereby certify that the cement contained in this shipment conforms to all of the
Standard requirements for Portland Cement In the above Specification, for the type
speci fed.

Sibscribed and sworn to before me SOUTHWESTERN PORTLAND CEMENT COMPANY
this 22nd day of Febru.ry 191 EASTERN DIVISION FAIRBORN. O1IO

.-.ycj&.L/ Shlth, Notary Public Kar S. Gotson. Chief Chemit -
In and I&. the State of Ohio Authorized Company Representative
My coýiss`on expires Sept. 28, 1990
Recorded in Greene County

**'rra3',. imuivs Williaim Wil-X Cmsft GrOut

PtANTS • PAIRSfN0N.-O * L•AMIWNGTON UrArq * LYONS.I.OLOUDO * "l~ESA rA, * 4ACIOflvILLE.GAUFVOVfr
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ICED

i-%- OMECT'~5CNA,. Z.vi=

K -5 VAT 0 70;11r-430m

F ptOH ANO 4.CW

cl:0 ~ / SNC QN 4ACK

- N03 **4kcm 01T IC
CO-L

-~ 
8 L

T7Z HYDAAULIC JACK
Usedl 'or testing amd vre-stressnrg cs
an!ý ancrior ZCI':S. A-411atte with up ~
3-118" canter hoie. Unit comes with- Aar".
Pump. !aijge. Hoses. Jack Stanc. H~gr.
Streri;:!' Couroin;, Higli St'rentri Tee?
RoC Pe~ ~rj nc Hex Nut.

I IIUM MAX RAM APPRCX.JACK JACK IBASI MA BTLHIGMT TEST ARIA TOTAL WT'.
CAPACITY HEIGHT SIZ TRAVEL IOF RAM ROD IN IQF RAM &
(TQO4) AND FRAME SIZE so. IN. FRAME

0 * 8*8 2'179 1'6 Il$ 053 004

60 98' $us 28' 1-315'47' 13.75 `122 166.

.. Wo Gwf 1-14' 9X9 10* 35' 1-338x46- m37 IDlS.

00 i. Qg, 10' 3 2lx37* V1.0 24 (be.

loo 22-112' 2*2 12' 41- 2x42' 40.8$09f

P-5 3



'~C -6 O~CI~id I Gro P
Comleteki colloidal mixing and pupn p

for high volume cement gruin

4..T

01 ipr~cdX.volrates

- ~ ~ 9 SPC- HLo t c-COI Maxng rjurn thraorvgl wets SP

- ~ ~ ~ 0 t. El byi c~r'.~ one man

*1 
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Ca-GOO0 Specifications Applications

Tpe~ &.iu 3u"' ~'
CYC!15'r 'Zý:M eru..,. C!"Ifl - k

Pcrwe' Ut~kft 1&1 ~g

Py~~ra3L yB~o 2C

Accessories

SE~C l SRFACE PAt )' PC' PqCIO=;TEivrEP;;S '-

Xr 3'C me~v GAGS rvt'N..rtu w

2d~ ", 3nd we XT Al e

~rr zed.nfl41.i wilt,

ChemWi~"Ot
"Esparlwnce In Orouting for 25 Yow-W
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19 APR RTO
PCL CIVIL CONSTRUCTORS, INC.

ConsinUcimn Since 1906

A p-IlI 19 1991'0

IlCAcrIIN lrps of Enig inee Is
I..Box 551

Trutrt or Coroequences, N\V 87901

1tn ¶.tiIC S. Iscs S J

~<ere:ccrr ufitla~ct No. DACW-17-8q- C-005i3(Jch l: 'r
R,-, Craiide fioodwaN

or C, Xm

* li~ir V jon Of Bc.! Bolt 1ast J~l

5 it0 dc t 0 T e-llicl ,II r!o\ isn S T 19 PIciraga P,"' .'1^' -I stat
0. : O~n c0 ltr S h all he b\ a n a p proN E, d1 ~a T eo UC-1!te E c 1C I ra,. -1

f tic>' sd pleise fcndi a let t e. t rm the '-litineeri'
7-) -- rur sta es that tht IC'-ton te >± prc,-ect war ca. I "Da I d

dold atr gurtonr arisie cunc'c'" !1r ,hp a>6'' Tplo ase rt. i'wor*:e

8.CDoil~ I;1

00':e

P.O. fos 2270. Truth or Conmuenos., N-) F- 56 %"@amoe S0!-743-7834 faigildfa SOS-743-7936

'AN EQUAL NffY EMPLOYER"



WILLIAMS FORM TEST JACK

(STANOARD SIZES SHOWN ONLY)

IL=AD OR P•.R~ .

HYDRAULIC HAND PUMP

JACKC GUAGE NUT

GUAGE, ADAPTERPLT

HYDRAULIC HOSE

> HIGH STRENGTH EXTENSION ROD 12"

HIGH STREENGTH COUPLING ILO

8" x 8- BASE --'

WILLIAMS HOLLOW CORE GROUTABLE
ROCK BOLT ANCHOR

TO OBTAIN TENSION IN POUNDS, MULTIPLY

P.S.I. BY RAM AREA SHOWN NEAR TOP OF RAM.

DRAWN BY &,r

P.O Box 7U • G4No RAIS. M•CI., 4o DATE 5-2-891
I16 2.13107 * TX. =."Is.

Fev. No.
THIS ORAWING 1S THE PROPERTY OP THE WILLIAMS FORM ENGINEERING CORP. AND IS
SUBMIT'TED TO THE CONTRACTOR SOLELY AS A SUGGESTEDO DESIGN 0 OR APWROVAL my 869-3HIS JOB DESIGN AGENCY. IT IS SUBJECT TO RECALL AND MUST NOT 5I REPROOUCED OR
ITS CONTENTS DIVULGED WITHOUT WRITTEN PERMISSION. ALL WILLIAMS PRODUCTS
ARE PATENTED OR MAVE PATENTS APPIEDu FOR.

F-57
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FORM ENGINEERING CORP.

April 17, 1990

Attn: Tom O'Donnell
P.C.L. Civil Constructors
P 0 Box 2270
Trust or Consequences, NM 87901

Ref- 30 ton test Jack complete, rental
Your purchase order no. P37020
Cuchill4o Dam Site, Cuchillo, NM

Gentlemen;

This is to certify that gauges used on Williams test Jacks
are checked against a master gauge that is calibrated and
tested on a regular basis. The gauge shipped with your
Jack was checked against the master gauge the day of
shipment, April 5, 1990.

Si-rely,

a.*~halea Miller(
Quality Assurance Manager

sdr,

F-58
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FORM ENGINEERING CORP. December 29, 1989

CERTIFICATE OF CONFORMANCE

Customer: PCL Civil Constructors
P 0 Box 2270
Truth or Consequences, NM 87901

Project: Cuchillo Dam Project

Purchase Order: No. P-37020
Williams S/O 51750

This is to certify that the material supplied on the above
purchase order no. P-37020 meets the requirements of the
specifications as stated. We further certify that all work
performed was done in accordance with Williams Form Engineering
Corporation manufacturing standards.

escrintion of Material

Bolts: V"-3-1/2 dia. Williams S.H.T. Coil All Thread
Rod X 15'0" long. Conforms to ASTM A-108 and
ASTM A 663-82. Heat No. J43674 (copy
attached).

Grout: Wil-X-Cement Grout in 55 lb pails. Conforms
to ASTM C 845-80 and CRD-C-621.

(ý;Ceares 14. Mill

Quality Assurance Manager

Williams Form Engineering Corporation
ACTION CODE RECOMMENDED

Bruce A. Kesler
Notary Public, Kent County, MI
My Commission Expires: May 2, 1993 Cntcke hi

GDate:. m// E4



Pj4#:Of
/ • I WALKE WIRE 16 SM COlFANY fft

ROYAL WIFE DIVISION Order No. £07
41- 660 East Ten Mile Road Acct. No. l•

564-8 Ferndale, Michigan 4V3 Salesmano 12

797193 WMB
Easylinc MIailbox: S H I P P E R

Sold To: WILLIAMS FOM Order Date 0l/099
ENGINEERING COMtANY A""! ' r--n Engineering Corp. Tes 1/2 11 N
1501 MADISON SE '. , rance document has been Ship Via ROYAL./TO
GRAND RAPIDS, MI 49519 .. ; emed acceptable as noted- F.O.B. PREPAID

Attn: Date Shipped ftt27/89
Phone: 616-452-3107 Shipwt No. I

Ship To: WILLIAMS F lOR M E NG NEE/
1448 CO!LI E AVE. SE

O D 4uality Assuron= 6 gr (date)
GRANDt RW.qID, NI 495'97

checked by:

NO. Ordered Shipped

C ETIFICATIO OF' INSPECTION AND TEST e

C 1 9009 lbs. 1541 INDUSTRIAL •UALITY WIRE F6 SK 8767 lbs.
0.892 +.1029 / -9.002 STRAIGHT & CUT TO 240.ff+#.ON /.-0.01 YOUR PAT I AIS-(0 206 Pcs.
YOUR PO ?I1¶D: 4301

CHEMICAL ANALYSIS FOR Heat 1: J43674 2 C '
C: .420 Ni: .Or o q

M: 1 . 5 7 0 C r : .: M Z
: .025 No .924

S: .117 Pb:
Si: .50 B:
Cu: .2000 Ali
Other
Walker Wire & Steel Co~any hereby certifies that the above saterials have been inspcted and tested in accordance
with the ethods prescribed in the applicable specifications and the results of such inspectim and tests are as
shom above. For properties or characteristics for which no mthods of inspeecting or testing arv prescribed by said
specifications, the standard inspection and testing practices of Walker Wire i Steel Copany have been applied, Bas•d
upon suc0 inspection and tests the above saterials have been approved as fulfilling the rmquireenmts of said spacificationis.

State of Michigan/Illinois -an
County i

On this o day o•f A, AD ,lv before me, a Notary Public in and for said state and couty, personally
appeared the above b e duly ;"o'according to law, did ddose am dpose and say that is duly author:-ed to

execute the foregoing certificate an behalf of Walker Mire and Steel Colany and that the f4c. there in contained are
true and correct to the best of her/his knowledge, inforeation and belief. ..• "j:

ft-" iis'ey"Pbh' b,& Cu..0< . Mlhitmie

F-61
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WALKE WERE 7. VEE ST2IVff
twoe: ROam Wz DI)WI5TO Or-der. 4o. Ack'r,

MO3 East Too ffle Road Acct. No. :.A
L-6589FerndalL ia la~m 48=9 S&IiuSm#

Telex:
,V719Z. AE
Easylinc UIlbox: S X I P P E R

Sold To: WILLAS F(I Oruer Date &rj;e9

ENIERING CI•:n " *'.'i Engineering Corp. Trm I 1 N
1501 MADISON SE . ..:: :-..unce document has. been Ship Via IfTfW M
GRN RAPIDS, .11 49v t . . d acceptable cs noted: F.O.B. PREPAI

Attn: Date Sipped 16/Z•Z;
Pfiaue: 6l-S-I7 ipmuit No.

Ship To. WILLIAMS FOR ~ENINEEIN
1448 M AVE. SE

Quality Aswwnci (date)
SADRWIDS, M 45"5d7 checked 

by:

NO. Ordered Slipped

ni.................. :......... ...... ......

C ETIFICATION OF DETIN AND TIST

SI SM lbs. 1541 lNISTRIZJ.L TI MINE FS• S 8767 :bs.
J.M92 4.3r2 / -4.OrW STRAIGHT & W 1 2. +#.M /-C.ON YOUR PART AIS-M M Fts.
YMJR PO WW~: 4381 /Z7A14 i27(V

CHEMICAL. ANALYSIS FOR Heat 1: J43674 J!I4
C: .45 Ili: Jn 0

S: .17 Pb:
Si: .3" B:
•. 3 .n All
Other
Walker lire & Steel Coiny hweby certifie that the m -aterials have been inspected od tested in accorance
with the mthods Prescribed in the applicable oecificatios Um tte results of such inspection ad tots are am
siho above. For properties or characteristics for %hic = wthoms of ineecting or teiting are prescribed by said
spK ci'icatils, the standar inspectioi and tvsttnq prectis of Walker Wire & Steel CY! y have been applied. ased
Uc•n %u" inspectim nand tests til above eaterials hav ben.ieo asfe lf illing tihe reouirements of said spaciiica::.=s.

by
State of Michigan/Illinols -

County of.f VlnJl~vif~tC1
an thiso2 ýtfLday of!JLZJ. AD, l(5 beior a, a Notary Public in and for said state and count. serwgial,
"&ara the agov ow, boe- duly momi accrdinj to W4 did iel and Im and say twat is duly authlie =

zIecI the iomoin certificate oi behalf of Walker n and Steel Cinany am that t 4 thre in contained are
true and :orlr•ec to tile best of her/his knowle , in rnation and belef.
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FORM ENGINEERING CORP. December 29, 1989

CERTIFICATE OF CONFORMANCE -.

Customer: PCL Civil Constructors
P 0 Box 2270
Truth or Consequences, NM 87901

Project: Cuchillo Dam Project

Purchase Order: No. P-37020
Williams S/0 51750

This is to certify that the material supplied on the above
purchase order no. P-37020 meets the requirements of the
specifications as stated. We further certify that all work
performed was done in accordance with Williams Form Engineering
Corporation manufacturing standards.

Description of Material

Bolts: 1"-3-1/2 dia. Williams S.H.T. Coil All Thread
Rod X 15'0" long. Conforms to ASTM A-108 and
ASTM A 663-82. Heat No. J43674 (copy
attached).

Grout: Wil-X-Cement Grout in 55 lb pails. Conforms
to ASTM C 845-80 and CRD-C-621.

Chre .Mille•

Quality Assurance Manager

Williams Form Engineering Corporation

Bruce A. Kesler
Notary Public, Kent County, MI
My Commission Expires: May 2, 1993

P0 BOX 7-9 - GRAND RAPIDS. MICHIGAN 41610 . (¶) A-.3107 • TELEX No. 22416 • PAX 1616) 45-4cm
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PCL CIVIL CONSTRUCTORS, INC.
Constrac:1on Since I ý00

November 9, 1989

Serial Letter No: 023/02219/7

U.S. Army Corps of Engineers
P.O. Box 551
Truth or Consequences, NIM 87901

Attn: Mr Wiley S. Isom, II

Reference: Contract No. DAC47-89-C-0056
Rio Grande Floodway
T or C Unit, NMI

Subject: Blasting Initation System Deviation

Gentlemen:

Reference is made to Section 02219, Paragraph 7.10, Item #3 of the contract
documents which states "All blasting shall be initiated with an approved
electrical system (sequential timer), and controlled by use of 11S del.ys".
PCL Constructors proposes the use of a non-electrical initiation system for
our blasting operations which is immune to extraneous electricity. The system
will employ a self contained plastic tube containing reactive materials
that transr,mt firing signals to various surface and in-hole MS delays. This
proposal is made to increase the safety of our employees at the project site
as a non-electrical system can not be initiated by high frequency radio
transmissions, or stray electrical energy, flame, friction or impact found
in normal conditions. Manufacturers literature for a typical non-electrical
sysrem is enclosed for your review.

7his proposal is submitted at no additional cost to the government.

Sincerely,_

Thomas R. O'Donnell
Project Engineer

TRO: deo

enclosure

Z.C. x 'x270. -:u:h or Conseoencs.s . 9C I Teliehcne 5 _5-743-7E34 Raciedax 505-74-7S36
~AN ECVAL A.&O O()f ]4IT• £5,lfLOVER-

G-l



Ensign-Blickford TOTAL NONELECTRIC
SEQUENTIAL BLAST INITIATION
FOR USE IN ALL SURFACE
BLASTING APPLICATIONS

.A MO EL: A NONELECTRIC DELAY SYSTEM

TECHNICAL BULLETIN SUITED FOR SURFACE COAL
MINING, QUARRIES, OPEN PIT
MINES AND CONSTRUCTIONP r'r m a Au't• The Total Nonels System serves as an
excellent surface trunkline and down-

N O S ELESS eonline initiation system for the following

TRUNKLINE
DELAYS (NTD) Saoe Factory assembly of Nonel

components is safer than field cutting NOISELESS TRUNKUNE DELAY
and splicing of initiation components.

Nonel tube can not be initiated by
high frequency radio transmissions,

H NCNEL@ static or stray electrical energy, flame,
friction, or impact found in normal -7ý.

PR I MAD ETS® mining conditions. Howe,. er, blasting
caps are far more sensitive to these

(LLHD) conditions.

SimplBe-Flexible Nonel components. ,..
BLASTING PRODUCTS DIVISION both the NTD and the LLHD Nonel

Pnmadetse, are factory assembled.7-•[..a They car. be readily and simply;-•.t

Ensign -iBickford connected to accommodate both ba-
sic and complex blast initiation . "

patterns without complex circuitry

Non-ellectric Requires no knowledge

of electric circuitry. Completely non-
electric-no need to instruct blasters
on intricacies of electric circuits. No
need for elaborate training and retrain- LONG LEAD M4.D. NONEL

ing of blasters. This is the simplest PRIMADET

system available for applications re-
quiring unlimited sequential delays.

Nolsellsa The Nonel initiation system

is quiet. The signal moving through
an initiated tube is so quiet that it can

be called Noiseless.

Ecou•omical The Nonel system allows
for a reduced inventory resulting from
the elimination of stocking various
lengths of a complete delay series

G-2



DESCRIPTION OF SYSTEM NOISELESS TRUNKLINE DELAYS LONG LEAD HD NONEL
COMPONENTS WITH BUNCH BLOCKS PRIMADETS
Nonef Primadets are nonelectric blast-
ing caps using Nonel tube as a lead.

NTD units with Bunch Blocks and
LLHD Nonels are Nonel Primadets Both the NTD and LLHD Nonel Pri-
whose lengths, delay times and hard- madets incorporate the Nonel tube
ware are suited for use as trunklines which transmits a noiseless initiation
and downlines to inhole delays for sur- signal from the initiation end to the de-
face blasting. The NTD and LLHD lay in the output end. Reactive material
units are factory assembled with 5 and on the inside of the tube propagates
3 components respectfully at 6000 feet per second.

I II
'The blasting cap has an integral milli- The blasting cap has an integral milli-
second (MS) delay element which second delay element. The cap will
initiates LLHD downlines and outgoing initiate all commercially available cast
NTD's. boosters and other cap sensitive

explosives.f
A delay tag indicates the millisecond
end to end delay time. The tag is lo-
cated just below the water tight
ultrasonic seal at the end of the Nonel
tube.

II
The Bunch Block connector is made of LLHD Nonel Primadets utilize the same
durable plastic and is designed to Nonel tube used for NTD's, however
hook up LLHO downlines and outgoing they have an added amount of abra-
NTD's. sion resistant plastic. Tensile strength

is also increased by this additional
plastic. The LLHD tube has adequate
physical properties to be used in all
mining environments.

"J" Hook*. an inert moveable fitting at
the initiation end of the NTD for quick
reliable connection to Primacord
downlines.

"*NOTE: The "J" Hook is used only
when the NTD is to be initiated
by Primacord*. See separate

bulletin on Noiseless Trunkline
Delays. Nonel will not initiate
another Nonel ine through a
"J" Hook.

G-3



PRIMER ASSEMBUES
In all cases the LLHD Nonel Primadet Figure I
of appropriate delay period is inserted Long Lead HD/L V
into a booster. Any cap sensitive Cam Booster

booster can be used as the Nonel tube Asse,'by
emits virtually no side energy The
primer on the top of the explosive col-
umn would be assembled as shown in
Figure 1.

Cast boosters initiated with a blasting
cap provide more energy from the Cord
end opposite the cap well due to the

position of the cap and slight mass dif-

end. The primer on the bottom of the
column would be assembled as shown
in Figure 2.

Figure 2 (Spectai Case)
Pr~ffaderLong Leact HO!

Cast Booster
Assemnty

With a soft package booster, the Nonel Figure 3 Figure 4
lead can be half-hitched or taped
around the cartridge with the Primadet L.HD-
inserted fully into the base of the
booster (Figure 3).

When using paper cartridge boosters, P
it is best to tape the Nonel lead to
the booster so if the assembly needs
to be pulled from the hole, it will not
hang up (Figure 4),

TOe

WaterGe
or &m~itior
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LOADING PROCEDURES Figure 5 Figure 6
LLHr Downiines-.-.•. LL Downitnes

SOuD COLUMN LOADED HOLES
1. An LLHD Nonel Primadetl/primer

assembly is lowered into the bore-
hole and the end of the Nonel tube , W2 reset)
is secured at the collar. #8 de* (2OO nrec)--- 2V L N"

2. Explosive material is loaded into 20" LLHD Nonel Irnacet;,mr
teb rh l.Primadet/pnme' 

asenl Nonel

the borehole., taa o me
3. A second LLHD primer assembly outo

is lowered to the top of the explo- Wer

sive column.

A Primacord upline may be used when
loading wet bag material. Place the
Nonel Primadet into the cap well of the
primer: tape the Nonel tube to the
outside of the primer: and run the up-
line through the primer as shown in
Figure 6. upie

#7 delay (175 msec)l 7d"(175 rnsec)
40' LLHO None] 60" LL.HO N"r

Prinaoet/pnme PkMlaet'nrner

asserni, asse'noty

Lead Wngtns and
delay IMes Shown
serve as manples.

DECK LOADED HOLES
1. An LLHD Nonel Primadet/primer

assembly is lowered into the bore- Figure 7

hole and the end of the Nonel tube
is secured at the collar.

2. The explosive material is loaded
into the borehole.

3. If the bottom charge is to be dou-
ble primed, then a second LLHD # de* (175 msrc20' WHOI Nonel
Nonel Primadet/primer assembly *m n
of the same delay is lowered to asrby
the top of the explosive charge. #7 do* (175 ffaw)

4. Stemming material for decking is 30' U.HO
loaded.

5. The above procedure is then re-

peated until the appropriate
amount of decks are completed. e8 dyo (2Worc) *4oY U..HD

08 as* (200 r"ac)
OW LLHD

G-5



hl.IKING UP THE SYSTEM

DELAY JUNCTION Aprn pcn

The system in its simplest form has
one or two LLHD Nonel Primadets
down the hole, and one incoming and
one or two outgoing NTO's (Figure 8). Apparent Burden

Figure 8 Blast Partem ro"
LLHO's and NI's

The two Nonel tube ends of the out-
going NTD's and the two LLHD Nonel
tuF- ends are placed into the Bunch
E , (Figure 10). After the four outgo-
ing Nonel tubes have been placed
against the blasting cap in the Bunch
Block snap the lid of the block closed
(Figure 11).

When the hook-up is complete, place
the assembly on the ground so the
outgoing NTD tubes do not double Figure 9
back over or near the block. Cover the Note: The "J" Hok has no tunctiio
assembly with stemming material to i an ali Nonei rwk-uo.
minimize the noise from the blasting
cap and to insure that the outgoing
NTD tubes are not close enough to the
Bunch Block to cause the tube to be
damaged or Cut off prior to initiation.
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APPLICATIONS -DELAY PATTERNS RpM12 S'... ..

The Nonel System is best suited for "
those applications which require more
delay intervals due to vibration limita- ,5 2 6 ' ' 1"= 6"

tions and cannot have detonating cord -- Z X 2. 7 2% 0' X M, ,. ..- ,
trunklines because of overpressure
(air blast) restrictions. It is common to
design blasts requiring 100 or more
separate charges to be detonated with
no less than 8 milliseconds between 13 .... ,,,
the charges. LLHD None( Primadets
provide an unlimited number of con- - "______ -________ _____'--_

stant, precise delay intervals when "-"
used with Nonel NTD's. a5

SEPARATE CHARGE FI RING- 7 a', - 1

SAME DELAY EACH HOLE Mj2ft 319 M5 3S 3137W

A blast consisting of a single charge
per hole normally has the same LLHD M 3,o 3V 3. 3, W 3* 3'2 -a -*

Nonel Primadet delay period in every .=,, ,...,7
hole. In some cases, the next higher
delay period may be placed at the top
of the column charge. Surface delay
combinations of MS42 or MS25 and
MS17 NTD's as shown by Figures 12
and 13 provide for two important p,=,,,,
functions:
1. The actual detonation time of the

blasthole is greater than the sur- ' 11 .' -
0 0- - - - - 0 0face activation time. Therefore, the M =, 71, , = 27 Z, , ,

risk of cutoff downlines or trunklines "a a. 7, a ,, 0a

due to ground movement is - - . 0 0 0 . -
minimized. . ., , m • ,a i,

2. Blastholes detonate with a mini- 0 - - - - - -
mum of an 8 millisecond interval. ,9 .O ro , ,3 0 , ,
An unlimited number of delays - 0 0 ; 90 . : 0
can be created with the proper se- 219,, W 'n -,. , 2 2" u n3

lection of surface delay times and * - - p p - p - -
p a tte r n s . 4W ,,, 3W : 1 ,3 , ,

VIBRATION CONTROL
In Figure 15 an echelon pattern is
shown using IOOMS NTD's across the
front with 17MS on a diagonal. There
are 4 decks shown per hole without p IS

duplicating inside 8 milliseconds for 3
rows. Up to 8 decks can be fired _"_ _

maintaining 8 millisecond minimum-- - - "
interval in a Three Row Pattern. To de- - p' - 'N -
termine the surface delay across the ,: a -

front to accommodate a specific M 31 m ,

number of deck charges simply multi- ,3 .,, ,7 all I"
ply the desired number of decks times -0 W0,a 0 t
25MS. , W5 e W a? 7

For example: six separate charged " I M,

decks would require 6 x 2SMS or a
150 MS minimum across the front. N . , ,• " ,
Always use 17MS NTD's straight back ,. ,
or on the diagonal (Figure 15).
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DFý AY TIMES AND PACKAGING

LONG LEAD HD NONEL PRIMADETS
DELAY TIMES AVAILABLE

Time
LLHD Period (milliseconds)

1 25
2 50
3750
4 100
5 125
6 150
7 175
8 200
9 250

10 300
11 350
12 400
13 450
14 500
15 600

PACKAGING
Length (ft.) Units/case Weight/case (lbs.)

20 200 39
30 150 41
40 125 44
50 100 47

30 100 4
Ca..d dimensions 24' x 17' x.12"

80* 5041M
100* 50 4
120* 50 52

Case dimensions 22½/" x 10" x 2(r
'Each unit comes on a 4* x 3' spool.

NOISELESS TRUNKUINE DELAYS

DELAY TIMES AVAILABLE

Time (milliseconds) Length (ft.) Bunch Black PACKAGING
Color Length (ft.) Unbt/case Weighticase (lbs.)

Isant 12-20 Black 12 0 60
5 3040 wlc 20 ISO 29
9 5-0Green 30 150 34

17 12-20-3040-50-80 *low 40 125 34
25 12.20-30-4-50-80 Ped 50 100 32
42 12.20-M040-504 While 60 100 34

-100 30-50-60 BlackCaedi n24x17x12
.00 50 Black adienls2xrl
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-, ". .. INITIATING THE NOISELESS
IMPORTANT INST.U"TIONS - TRUNKUNE SYSTEM

Use only factory assemnbed units- The primary initiating devices for the Ens.gn-Bickford
"Do n6t attemrpt to fie d-sp ic None or" trunkline are (1) Nonel Noiseless Lead-
-knot diff ereit eiithT6f tdnl1' in Lines. (2) electric blasting caps,

:ti-•ethe • and (3) cap and safety fuse assem-
"~ • '••blies. Never attach a blasting cap for

*Never splice Nonel tue t Nonel uo the purpose of initiating a blast until
as it will not initiate itself. Do not T", everything and everybody are in a safe
ultraoi "ei I-r2~ tueSf area.

.the entrance of moisture into the tul:e"-
"ycause misfire ' ,. Make the primary initiating device

"may cause . - attachment the very last step in ready-
Never drive any vehicles over'NoIel, ing the blast. Attachment of the pri-
tube. Ruptureng mris daging mary initiating device should be made S Conecticut 06070

to the first hole to fire in the blast. This
hole fires which in turn fires outgoing Ensign-Bickford Sales Offices:
noiseless trunklines.

660 Hopmeadow Street
Simsbury. CT 06070

DISCLAIMERS 203/658-4411

ATTENTION Post Office Box 97

The information and recommendations Louviers. CO 80131
described in this bulletin cannot 303/798-8625
possibly cover every application of the
product or variation of conditions 5011 Washington Avenue
under which the product is used. The Evansville, IN 47715
recommendations herein are based 812/476-1329
on the manufacturer's experiences, re-
search, and testing. They are believed Post Office Box 322
to be accurate, but no warranties are Wexford, PA 15090
made, expressed or implied. Also, 412/935-5712
the specifications contained herein are
all nominals which represent our cur-
rent production. The product described 5036 Snapfinger Woods Drive
may be subject to change. Please feel Decatur. GA 30035
free to contact the Ensign-Bickford 404/987-1000
Company for verifications.
NO WARRANTIES OR UABI3UTIES
The product described herein is sold T s Primacords. HO Prmaiine'. RX
"'as is" and without any warranty or Prines. Oetacord,. E-Core,. PO-Cora.
guarantee, express or implied, arising Stni Mine Speciall. Reinforced Pnmacord I.
by law or otherwise, including without PnmadetO. and Pnmaine'. are registered
limitation any warranty of merchanta- iaeremam na•es and are ie sofe properly of
bility or fitness for any purpose. Buyer The EnW-Bo.fa Cornmay
and user agree further to release and N isa t o
discharge seller from any and all Gyrtor. Sweden
liabilities whatsoever arising out of
the purchase or use of any product elm' caprnt Tfe g-e:1cl 0m;d Com 1,
described herein whether or not
such liability is occasioned by seller's
negligence or based upon strict
products liability or upon principles of
indemnity or contribution.

Nonel Primadets are manufactured
under U.S. Patent #3,590,739. U.S.
Patent #3.125,024 and other patents
pending.

3=00- 8/84 0107-A
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PCL CIVIL CONSTRUCTORS, INC.
Construction Since 1906

December 1, 1989

Serial Letter No.: 052/02219/7

U.S. Army Corps of Engineers
P.O. Box 551
Truth or Consequences, NM 87901

Attn: Mr. Wiley S. Isom, II

Reference: Contract No. DACW47-89-C-0056 (Cuchillo Dam)
Rio Grande Floodway
T or C, NM

Subject: Blasting and Explosive Materials

Gentlemen:

Reference is made to Technical Provision 02219/7, and specifically your serial
letter number 13, in which the Contracting Officer addressed his concerns
regarding the transportation, storage, and use of explosive products on the
project site. Enclosed please find four (4) copies of PCL Civil Constructors
General Blast Plan which was prepared by our subcontractor, McCaw Drilling (USA)
Inc. The General Blast Plan includes the resumes of the blasting supervisors,
locations, dimensions, applicable distances, and security features of the storage
magazines, as well as other pertinent aspects of the blasting operations. The
Job Hazard Analysis for blasting and rock excavation has been previously
submitted under PCL Civil Constructors serial letter number
047/01420/EM385/Appendix Y.

I trust the enclosed information will adequately address the Contracting
Officer's concerns and subsequently grant written permission to allow explosive
products to be transported onto the project site.

Sincerely,

Thomas R. O'Donnell

Project Engineer

TRO:deo

enclosure

P.O. tax 2270, T:u:h or Consequences, NJ. Telehone S50-743-7834 upidfax 50S-743-7836

"AN EQLIAL G--0 JNITY EMPLOYER'



mccAW'S DRILLING (USA), INC.
CUCHILLO DAM PROJECT

BLASTING PROPOSAL

NOVEMBER, 1989
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I. GENERAL PROCEDURE

1. Al) blasting will be done by experienced and competent personnel employed
by McCaw's Drilling (USA), Inc. Technical assistance will be supplied by:

a. W.H. Burt Explosives, Inc.
P.O. Box 850
Moab, UT 84532

b. Ireco, Incorporated
Grand Junction, Colorado

2. Resumes and qualifications of the individualswho will be responsible for
the blasting operations are presented in Appendix A. High explosives,
blasting agents, detonators and accessories will be supplied by W.H. Burt
Explosives, Inc. Moab, Utah. Technical Specifications sheets for the
explosives products that we anticipate utilizing on this project are
attached (Appendix B).

3. The explosives will be stored at a magazine location near the jobsite that
will be selected to comply with all Local, State and Federal laws as well
as the United States Army Corps of Engineers Manual EM 385.1.1, Section
25.A.19. Magazines for storing explosives will be provided by W.H. Burt
Explosives, Inc. The magazines have been federally inspected and meet the
standards of the Bureau of Alcohol, Tobacco and Firearms as outlined in
27 CFR 55, Subpart K. The explosives will be transported from the
magazines to the blast site in a vehicle that meets the standards and
specifications required by Local, State and Federal and United States Army
Corps of Engineers Rules and Regulations. The magazine locations and
dimensions are presented in Appendix C.

4. The explosives products that we anticipate using on this project are as
follows:

a. Ireco High Explosives
(i) Unigel 2" X 8"
(ii) Unimax 2" X 16"
(iii) Iresplit D 7/8" X 24"

b. Engisn Bickford Products
(i) MS Nonel Primadets
(ii) MS Surface Connectors
(iii) E-Cord (35 grains per foot)

C. Blasting Agent:-

(i) Burtmix 11 (Ammonium Nitrate/Fuel Oil Mixture)

5. Our firm will be submitting detailed blasting reports for each blast per
Section 7.2.1.5 and Section 7.6 of the Contract Documents. A copy of the
proposed shot report form is presented in Appendix D.
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None: syostem we.............

Powder Weiht............yae........ gz-a--es pezifco

Don ationsutc envoironment......00fe e ~o

Thpearanel ................ai# .. n.. oneoPlastic Tube~

material per- 70,000 feet cfL tube.
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3. PRE-SPLIT

1. Presplit holes will be 2 1/2" in diameter. The spacing of the drill holes
shall be that which yields the most satisfactory results as determined by
test blasting to be conducted on-site but in any case shall not exceed 30
inches. Alignment of the drill stem to the specified angle of pitch shall
be accomplished by the use of a "degree rule" and/or plywood templates.
The column load for presplit holes shall be Iresplit D (Appendix B). The
actual firing of the pre-split holes shall be by one of the following
methods as determined by the site conditions:

a. The pre-split holes are fired prior to drilling the production and
buffer holes.

b. The pre-split holes are fired concurrent with but prior to the
production and buffer holes on a millisecond delay system as per
Section 7.2.1.3 of the contract documents.

c. Cushion Blasting where the pre-split are fired with the general
blast holes but delayed to detonate after the general blast holes
per Section 7.3 of the Contract Documents.
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4. pq r 0:C N

iccumnents. ;.,z z* mwi umta/~i., rpelfr•e•s
blIasts after e a m~nt~- I:e a.=s "'•• 4.:ý ri..a r~ t
star-t of dr,.1ling.

Gen-.e raly ... I ,. v- be1a st •e s n w i dee -O-'w 1h fzowng'
-uie---ne- and e-t-c---.. -

(a) Bore ho-Te diameter- wj:-i be ,hreeines

(b) Burden shall noz exceed spacing.

c-). Spacing shall nct exceed depth of +.-he ~'.--,c_ hojle.

Cc IeIla r - ha I e a .- j uS"-'oa --

(e' Te.te powder fact.r shall be -ha- whiIh :el te tea:

resz:/ta !:aae cn fragmentation, ccntr=-' CF fly reck and
impact- 3n the finishedelne2 and grades.

We w4i1' a e b c etet r M de benatihn c the Icre s. c w .C
achieve( by Inserting a priber with a None! eeonateer at the
bt ac h --- et. ce of the bore hclh prior z a the ."ad.
Surfac Tbet der -will shetcnatlng erd ata ms j.ae c tD re z
typical ct umn tcad is shown on the nkedch in Appendix B.
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SAFETY

Safety has a'waya :een a -4 'e a:..
prcud of cur c.c 2int safety recrý.

On this pro-ect we will be n ewlnc : R. -a .C O r-,
established by the General Cntzacd4r ng:z t"esgtng. fr
substance abuse.

in addition to this we w-l4 have an or n-etoati sezs in with each
employee at the tlme cf hiring specifics"y tlcred to wcrkng
with explosives.

The receiving, transporting, handling and use cf explosives will
be in accordance with all applicable Local, State and Federal
laws and the United States Army Corps of Engineers Manra! EM 385-
1-1, Section 25.A.19.

We request that only those persons dire-::iy involved with the
blasting be allowed in the blasting area during the loading and
tie-in of the blast. Prior to blasting a series of signals will
be sounded on an air horn attached zt a UO CFM, 120 PSI
Compressor as per Section 25.7.03 of the United States Ar-y Corps
of Engineers Manual Er.,85-1-1. The s:gnals to be used wzll be
posted at various locations around the jobsite.

G-17



APPENDIX A

G-18



RES,"ME

GERA:D •. MCCAW

PERSONAL DATA:

Address: 2707 - 55 Street
Rcck- Mcuntain Hoiuse, AB T7CM !TZ

Telephcne: 545-5347 (Residencee

Maritam Status: Married

Birthdate: Bern in Nipawin, Saakatchewan
August 8, 1958

EXPERIENCE:

1979 - 1980 Dywidag Canada Ltd.

"Jch Supervision
• Drilling Procedures
" Grouting Procedures

1982 to Present: P-artner in McCaw's Drilling & Biastlng Lt-.
Held positions of driller, blaster, prone-t
superintendent and Ncrth-ern Operaticn3
Manager.

MAJOR PROJECTS: Fish Creek Sewage Treatnent Plant 198:
Calgary, Alberta

Drilling, instaliaticn and resting 01
560 anchors.

Deerfoct Trail and South.7and Drive
overpass 1981.!1982
Calgary, Alberta

Insta-laticn, testing and grouting

Nipawin, Hydroelectriz Project (1984)
Nipawin, Saskatchewan

Drilled and prepared holes fcr an.hcr
installatiucn done by D,'widag, while
assisting in instalil:aon for spillway.

CPR Project, Cana Cone:ru-tion (2964)
Rogers Pass, B.C.

drilled and insnalle. 120 anchcrs fz:
Vencilation Shaft.
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Page 2

M.AJOR ?ROJEC 7S:
(ccntinued',GccdT--rand Cý,nst i:z n (l1 ?6

Rogers Pass, B.C.

fcr retainiing wals.13

Synrczrude Canada 11984 -96

Superintendent :n a C0 acot r e d
dr.iL'Iblasit proe,~:-: inr Tar Sands. Eevern
drills an d ccmoreSaors o r. s J-t-e .
pproximated ccntravt volume S 730,003.

Yellow~knife, N.w.T. (1988 - 989;

Oprtos Manager nnfumercus
contrciled blasting t-o'e: inc~udinc:

*th.ree rnaJcr quarry projects;
*t-wc major road b-aildlng projects;
*four major gbj~so r~~3
ntumerous excavstz-:n projects.

Aprproximate volume of rcck wcrk 1lockagc
after during this period S 4,500,000.

* From 2.981 to 1'V85 rkdas a !ý'aster on
a number of major piptline prcJe!:ts
thro3ughout Albert;.

QUALIFICATIONS: H,!ol11s valid blasting ti=,kets in Alberta,
Northwest Territcries as --el 1 as a Quarry
Foreman's Ticket for Alberta.
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RESUME

KEVIN JcE

DATE OF BIRTH: A~gust 22, I43

WORK HISTORY:

.IcCaw's Drilling (USA), inc. October 1986 - Present
Denver, Colorado

Responsible for blast design, receiv:ng, transporting, lcai:ng
and firing of explosives cn various :onstruction projects across
Canada. Scope of projects ranged from denoiliton projeZ-s in the
H-;h Arctic (Baffin Island), highway projects in British
Columbia, Alberta and Ontario and severa: pipeline projects.
Types cf blasting varied frorn ccntrolled blasting as clzte as ten
feet to sour gas linels under very high pressures t- large quarry
blasts.

Canadian Pacific Railwavs 1984 - 198!
Calgary, Alberta

Inspector on the Roger'E Pass tunnel project in British Cchunbla.
Mcnitcred contract.crs progress and adherence tc nontract
speoifications with part3.cular emphasis on the drill and hbast
operations.

Loram International Ltd. 1983 - 1984
Calgary, Alberta

Employed as foreman on two site grading projects ir. the Dallas-
Forth Worth Area.

Ncrthern Construction Ltd. 1983
Vancouver, British Columbia

Employed as foreman at the Ridley Islani Grain Terminal Projeot
in Prince Rupert, British Columbia. Supervised excavaticn crews,
including drillers and blasters during the site grading phaae of
the project.

Loram Internatioxai Ltd. 1968 - 1979
Calgary, Alberta

Worked on various large projects in Canada (up to $100 million)
in variucs capacities - surveyor, field engineer, foreman and
superintendent. Involved in all phases of blasting from
estimating to blast design, load and shcot.

/2
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PAGE 2

CERTIFICATES HELD:

I. Alberta Blasting Permit Number 20162.
2. Northwest Territories Blasting Perm't #89-004.
3. Diploma - AFFlied Ex&'3aives Technology and Safety.
4. Certificate of Training "TransportatiOn cf Dangerous Goods".
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RESINE

K21;:N :CE

DATE CF Bli;THi: Ag 2

WORK HISTORY:

!'¶~cCaw'a Dr -.;6 ng USA Inc. Cc 1e:93E -Pee

Denver, Coloradc

Resconsible fo-r ba st design, rec-eiving, ::ansiportiflq, 1:-a.::.ng
anda firing of exr-lossvea on varicus constructio-n prrojectLs ac-ro:,sa
Canada. SCOPe of Pro~jeats ranged from demcli-:o-ýon -*rojecsa in the
High Arctic i~affin Island), highway projeco3 i n Briti4 h
Columbia, Alberta and ontario and a!-efer: pipeline projects.
Types ef blasting varied from ccntrciled blast-ing as clsse as ten
feet to- sour gas lines under very h-ig-h prtszures to large cuarry
blasts.

Canadian Pacific'. Railways 1984 - 1.983
Calgary, Alberta

inepectcr on the Rcger's Pass tunnel project 1- F-ritish zfn>
Mcnitcred c cnt.r a c orn progress ah"od adherenc~t to c cn ot

spoi .aticrns with ;ýrtiýu~lar emrnhasis on the -drill and as
operations.

Loram Internaticnal Ltd. 198-3 - 1984
Calgary, Alberta

mzp 1.oyed amfrmno.two site gradiý;ng pro.jct rte:al-
Forth Wcrth Area.

Northern Ccnstructio-ýn Ltd. 1983
Vancouver, British Columbia

rnplo:yed as fo-reman at tbe Rid-!ey, Islani Graln Terminal?:eo
in Prince Rupert, Srit-ish Coluambia. Supervisedj excýavaticn crews,
including drillers and- blaster3 during the site gradding phase of
the project.

Loram International Ltd. 1968 - 1979
Calgary, Alberta

Wcrked on varicus large prcjects in Canada (up toD .01NO =ilion)
;n variuacg capacities - surveycr, field engineer, foremnan and
superintendent. invo:lved -is all ph.ases of blasting fr.;n
estimat~ing to blast- -design, Icad and shcat.
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PAGE 2

CERTIFICATES HiELD:

.. ?be~rta Blasting Per-,ir- Nurnier 212
. orethwest Terr--:o-es Blasmizi9-ng4

3. Dirplloma - AppIFE: 1 4ave eed~ and Safery.
4. Cetificte o Training "Trangpcrtatýn cc Dangerous Gcods".
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Certificate of Training -
Me;.s to erttfifv that

NAME -

s 4 trn•co oerjron plursuant to Section 19 3 (a,(boJ of the
Tr.ANSPO,)RTATION OF DANGEROUS GOODS REGULATICNS

and is aLithorzed to serve as. or in the Caoacity of
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NOV-20-- 9 MON 1! :13 BURT EXP:LOS Z VES P. 09

DETAcoR 13
caor Tensile Outslde Color aind Intended 13
Load St-,ngth Olameter Identflcation Use
18 gr/ft 150 lbs 0.142 In Yellow with one Downline,
3.6 gnvm 68 kg 3.607 mm black Countering Trunkline

yarn _ _

Appl.iclon
Detacord win detonate through stan.
dard knot connections and will initiate
other detonating cords. It will initiate
nitrogfycerin-based explosives sr|d _4
most other cap.sensiitive products. it is
of less rugged construction than most
other Primacord products so it
should be used in less rigorous appli-
cations. Detacord is flexible. easy
to handle, and readily ties and holdsf
knots,

I It should be noted that Delacord may
not be a reliable Initiator of most cast
boosters. The manufacturer of the
boosters should be consulted before

* using Detacord in this manner,
Special Packaging
D:etaord is available in either of two
typ•s of packages; two.-1000 foot
(305 m) spools per shipping container,
or a 1,000 foot (30 m) spool in a
"pull-out"-type box. The pull-out box is
a heavy solid tiber carton with a 4.inch
(10 cm) diameter "knock-out" section
which, when removed, exposes the
free end of the Detacord. The cord can
then be withdrawn from the box by
simply pulling on the froe end.

;wj g Package Sizs Shipping Weight
2-1000 ft spOOLS 9. 75 x 9. 75 x 10. (in) 17.0 lbs
2-305 m spools 24.9 x 24,A x 26.7(Cm) 7.7 k .
1.1000ftspooI 10.75 x 4.88 x 1I (in) 8. lbs

1-305 m sool 27.3 x 12.4 x 26 (cm) 3.8 kg
(puR-out) ..

9.G3

...
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IRESPLIT" DDynamites for Perimeter Control

IRESPUT D products are explosives designed for
open pit or underground blasting operations where
precision overbreak control is desired. When used
with presplitting or perImeter (smoothwall) blasting
techniques, IRESPLIT D produces strsight.lined,
smooth-faced walls In reasonably homogeneous
rock formations.

Advantages
Product Vanity. IRECO offers IRESPIJT D, a
semigelatin dy-,amite, and IRESPUT D-1, a low-
density, high ammonium nitrate dynamite. Both
are packaged in 24-inch cartridges of various
diameters.

Minimized Rock Overbreak. Rock overbreak
behind the IRESPLIT blastholes Is minimized. This
results in less unpaid-for excavation and extra
concrete being required.

Easy Assembly. IR.,PUT cartridges have con-
necting sleeves securely glued onto one and of
each cartridge.

NUP IT~~~ In case -nofte the sleeve OuedProperties

The Explosives Technology Company
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IRECO Incorporated

Packaging

9mcke to cowtt

Prniming and. Loading
The paper sleeve connector enables coupling of each IRESPLIT D or D-1 cartridge into a continuous explosive
colunn. For loading into vertical holes the column Is lowered Into the borehole by a detonating cord downline. The
detonating cord Is commonly half-hitched or taped tightly around the first cartridge in the borehole. At
approximately six-foot Intervals, the detonating cord should be secured to the column of explosive so it remains in
close contact to ensure propagation of the entire column. IRESPLT D has good water resistance. IRESPLrT D- 1
should not be exposed to other than minor amounts of borehole water.

For hoýizontal holes the cartridges are connected by the sleeves and primed with a separate cartridge of
larger-diameter dynamite. Cord Is not ordinarily used in horizontal applications unless the column consists of
to.e than S UES.IT rctidge..

Transportation, Storage and Handling
Stock should be rotated. Avoid using new materials before the old. For recommended good practices in
transporting, storing, handling, and using this product, see the Booklet "Prevention of Accidents in the Use of
Expl•sive Materials" packed inside each case, and the Safety Library publications of the Institute of Makers of
Explosves.
The IRESPLIT D and DI are classified as High Explosives and must be transported, stored, handled, and used in
conformity with all applicable Federal, state, and local laws and regulations.

4

Product DicWa er
IEC10ddiiesav wsjmnlswi& splet tolft pro"u, fht jf& qrmdabItV theae.Ot the t ols o1ta6fteNA whdtCthe4f epn at
kbWd, ?4CLUOINO WITHOUT LIMITATION, ANY IMPLD WARRANTY OF MCW4TLITY OR FfNW FOR A
PARTICU.AR PURPOSE AND/OR ANY OTHER WAMR . vyto=n and wm me" Ai rdak, msInWTd and & ety whatesver

omm.W uMW A5 kfwhs C(lis death). Ie0M or do""gu" to Pease or prop"ary alri V" O m the f u tho pro&t under*ewvemwe thai 111O be hate hr spe¢•cia. tneq or Inlaenh Limmin. or li antinped prd..

The Explosives Technology Company
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UNIGEL"
Semigelatin Dynamite

UNMGELwas spefically developed for al-purpos
blasting applications, including underground and
surface mining. It replaces more expensive
specialty-grade dynamites that offer varying energy
values with each grade. UNIGEL has excellent
uniformity of mixture and plastity, will perform
satisfactorily under moderate water presur•, and
is an excellent primer for ANFO.

Advantages

Universal Bklstin Appflications. UNIGEI is a
single explosive grade for universal blasting appli.
cations, which simplifies inventory requirements.

Fumes. Afterblast fumes and smoke are at a
minimum.

Cost-Saving. UNIGEL provides excellent per.
formance for less cost per cubic yard.

Properties

Characteristics
Water Ruistance Good
Funm Class M! I
Sensitivity Restction As with all dynamdte, will *eh-nitiate when In contact with

detonating ord of any cor•a••.

The Explosives Technology Company
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Packaging_____________ ____

13414 ... ' ~ ~ * ~.

jp* 41.,45

16 ;r.(>CSS C w, 20..' 22~• j~': I

4 * .4 'a7% *1*1 2: 'r4 ~

Notes:

1. The above is tor count information only. Some sizes are non-standard (i.e. produced only to special order), and
may involve a surcharge.

2. Other sizes are available, including king-size (to 24' length), large diameter tube shells, and DOT-23G shells
having a minimum diameoter of V.

Transportation, Storage and Handling

UNIGEL. has a D.O.T. classification as a High Explosive Class A arnd must be transported, stored and handled in
conform~ity v~th appliable feealg, state an local lasm.

Refe r to MH Safety Library Pubkiatlons for informiation on proper explosives usage.

Product Discialrnw

hUstpl IFICLLJOM WITHOUT LIMATIC101. ANY W=~a WARRAMT OP I4CKANTAuMMr OR PlTf S FO A
PARMiULAR PURPOK AMDfOR ANY o~rm WAmRAwm swan mid owne ausem al deli, rspowi6tif owd hlty whaftwwve
kmn n md w~aludes lhichdugdea), uesor' nqe to pawn e poer y P eowisi akfb theuse oft g produat. Under n
ekoesMofices Ad VMCO be hble hr espohet wdegewyjrnW or V~ldrnidmW a fsor hr inisid oif On

The Explosive* Technology Company
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EXTRA GELATIN '0
Gelatin Explosives

EXTRA GELATIN explosives differ from regular .,.*

gelatin explosives In that part of the sensitizer is ;~.

relplaced during manufacture by amnmonium (-
nitrate. Grade for grade, Extra Gelatin is more
economical yet equivalent In weight strength, and
only slightly les water resistant then straight 1.4 .P
gelatin explosives. Its gelatin consistency makes
tamping easy, and It is sufficiently cohesive for use
in loading drill holles with an upward slant. IRECO ld..t I.
Extra Gelatin is available in marked strengths of V
40%, 60% and 75%. WJt

Advantages
Economy. Extra Gelatins maintain many of the fr F

superior qualities of a straight gelatin, at a lower
cost.

Fume Class 1. AD strengths meet IME Fume Class
1, making them suitable for most underground
mining conditions.

High Detonation Rate. IRECO Extra Gelatins 4
provide excellent results In those applications '.
where a high detonation velocity is called for.
Excellent Water Resistance.

properties

The Ex~plosives Technology Company
G- 37
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Packaging ~ 4

Cartridge Cou nt range per 50 lb. case.-
rdeSize n~~~

-f ' - . !#."

"8R. :N W 199

t -

301. iE V
I~~~~~A Teaoeifocot nomSAtinol.Sm ie r oýznad("e rdcdo't pca re) n

may Inv0v a0uchre
2.Ohrsze r vilbe nluigkn~ez t 4intt ndDT2GshlshvngamnmmAimtro

"6874 ..

3.9f

. The above iUPsE AND/O ANYn rmthion only. Some sizers ar oslnd usrs (nis lle. prouedpo0sito spcanhblut wtorder)an

2.Ofrom s izean aml avalurls ( In clugdianhg king-sizrd aes (to pfersnst) ond DroTe23G snagohell s e oain a mi rodumt Udiaeer of

and umstedc sin cofrmity wih apliable Fedeeia, osurnal, tt orx lc al~t Im and or fegutlatidponL s

ReferTh toExSaeyLbrr pulctonsfriveomaio Tehrologr Cxpompesuane.

Produt Dislaime
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UNIMAX"
Extra Gelatin Dynamite

UNIMAX is a nitroglycerin-sensitized extra geiatinr'
designed as a primer for insensitive biasi:no acents
or for use aione in extremely wet conditions wnere
a high density product with high energy ma. be
required. UNIMAX has been formuiated to cive
consistently high detonation velocity. It is a iess
expensive product than the regular geiatins. but
has only slightly less water resistance. 4

Advantages
Universal Blasting Applications. UNIMAX is an
excellent choice for use in difficult water condi-
tions, including moderate pressures and potential
dead-pressing situations. It also is an exceilent
primer for AINFO or other blasting agents.

Fumes. Afterbiast fumes and smoke are at a
minimum.

Cost-Saving. UNIMAX provides excellent per-
formance for less cost per cubic yard of broken
rock than the NG gelatin explosives.

Properties

Characteristics

Fume Class IME 1
Water Resistance Excellent

The Explosives Technology Company
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Packaging
UNINMA is packaged morange paper shells.

\. ~§. Cartridge Size Nomina Cartridge
~~Am~he )-,.---Count per 50 lb. Case~. ~

~ ~ /8 8 185-199
I ~ 8~ a141-153

4854-A

NOTES:

1. The above is for count information only. Some sizes are non-standard (i.e. produced only to special order), and
may involve a surcharge.

2. Other sizes are available, including king-size (to 24' length), large diamater tube shells, and DOT-23G shell
having a minimum diameter of 4".

Transportation, Storage and Handling
UNIMAX has a D.OT. classifications as a High Explosive Class A and must be transported, stored and handled in
conformity with applicable federal, state and local laws.

Refer to IME Safety Library Publications for information on proper explosives usage.

Product Disclaimer
IRECO disclaims any warranties with respect to this product, the safety or suitability thereof. or the results to be obtained. whether express or
implied. INCLUDING WITHOUT LIMITATION, ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE AND/OR ANY OTHER WARRANTY. Buyers and users assume all risk. responsibility and liability whatsoev.er
from any and all injuries (including death), losses. or damages to persons or property arising from the use of this product. Under t~o
circumstances shal IRECO be liable for special. consequential or incidentai damages or for anticipated profits.

The Explosives Technology Companyj G-40
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BURTMIX!, 1 Blasting Agent

B URIMis I ' prertfix:d, prir'ed ammon~iri nitrate fue! oil-t ,e. 6SI weieht-sr renv'h
biastln _ agn' ui:aoie f,.r use une r oehole crtfditiort.i. cin be uscd fo'r quarry.

optri-pi and constructien, or underground rýlasting operatiors, :.nd can be c~tllcr blown into thc
6oreholc by pneumatic ioading devices or nured.

"This highly econ,=nical blasting agent has arn average poured dcnsý!ty of about 0.80 Stem),
or 501 bJhSf. Whfen hole3 are loaded pneumnatically, average density is azbout 0.95 g/cml, or 650 Ib.s; , o

BURT nix ( blasting agent, as packe!d and when used under dry br --hoic conditiors, will
produce Class j*fumes.

1"1.13t1,r 1!rf att-a; :r .mintue cojvln 31 a luý) ard ao~izler Wom-1A tc, t'S^ M~' Clnvored 21 3ma ~

Typical Ciharacterfstics

Measured energy. ft-lbs/!b X 108 ......................................... 1.10

Messured energy, ft-ibsi11f .......................... ..... ............... 5.

APPROXIMATE LOADING DENSITY AND SATE OF DETONATION

Approximate Weight per Foot Approximate Gelcnatiori
Borehole Diamneter. of Screholo When Poured, Velocity (confined),

In. Irm lbs kqIP3 mps
2 51 1.1 0.0.10.1700 3.261
3 76 2.4 1.09 1U0,0 332
4 102 4.4 2.00 1 1,C800 3.597
5 127 6.8 3.c 1^ i2.4C0 3.780
6 1.52 9.9 4 44 12,800 3.e01
7 179 13.3 6.ý2 13.100 3.993
8 2203 17.4 788 13.3c0 A.ClSd
9 229 22.0 9.'97 13.100 4.CS4
1 Q 2154 272 12.232 13,500 4,115
11 2713 32.9 14.90 13.5W 4,145

12 305 392 17. 76 13.650 4. 1 '0
13 .330 46.0 20.50 13.700 4,176
14 356 53.3 24.14 1.0 .7
15 381 611.2 27.72 13,750 A.191
16 4C6 69.6 311S3 13.750 4,191
17 432 78.8 36.51 13.750 4,191
13 457 88.1 39.3 1 13.750 4,191

(av.!r)
1.1/ ;9-001 AN'~ al f.:tnci Y vM(cI , I.tp rrj-eind nýur Or:-~ r !?* croducle oD tPhg m0a'a~c~i,rs

In vC~tim -a-1cf, N-ir' cur 5",od*,,:. '. be used 14' ae":r~ot i n e,,oM*es t~L-"Iy 't-~ iutili obtftilmed ty the Sp lntott~tn Of 1-1
1ýfcr mal~c' ir thtt 11%Ic! , ahn VI !..~tOtVi i¶ U, P!J~ pýdij-.-ta S~f~e? alone Tr in te s'-l4 ;, N011 5i'er orodvi:13. UI.T!rs Ie *1!,,,3d 90

y!1;.. -'~': ow tl.t Iol-!,mr-lý wIe &,!eiy end wuitaellih, cl #!ach q'zic oroduct ý-r orrft.ic! Cm chlnatlon for !eir , EWf puroc5.-s
t~nl~ ;ier:seAcj'e'5d in oritlql.g we tellI lhe .,odljc.a wiIl'out wirrranty. end buv,?o3 in.1 j~ers nts~timnp a"t rescennsibiI~ly andl

liail~y t' lis ~p ~aogeur~i~ ~ou fl...tunddn vie,: O. ur 0ros ~ t whe'hor -.'d1 3lcom o-r n corynb'n~nn with oit'fr rducts.¶

G-4 1



T-sr;spoglng ,Sose adHmln

Ths ba-virg :qiQn'. 1 not in~ao-~jjeto Nc, 8 -atr. cars ýr rd~h !kt aiaw :uls rz-ý
5c !,ýrzd -ikrei:a mg~zin(!s urflcls so req 'uircd by rý!c'.-zn: !aws cr :3j C~

:-.nss~odbe imoancJ to con~form to the Amrncr~ar Tale -of L'Vm-ý ard !,', Ta-1 cf
:Zerara~ion Distanc-s -f Armmcnium Nitrate and Blastina A-,.n~s Fr-mn E.xpic-sies or

t~~ , iak'.and ~din conrorm:!j NUti all, tpp:;,,,'-; Fzdcrzil, stare, and :--a] i!aw.5
and '.';! Te prrpor skincin dc-sc~ip~iqn zrnd hazard classifiication fc.r wE v1.xn I z
de'.-;!bed In nwi istr~~:

Amr-nriuiu. N te u!Oil Nlixture-Basting iAgcnt
Thin prr'uct .houjld mbe kep't dr... and stock should be rot--tcd so that the oldcst materia! Is used

' U-C CnIiy pr,7"t-r P.im~ls. anid nc~er ?cad in os!ks r & te hcrc is -lot d.ae
c- :lfinemrnc't. If tla:e .1-t.ictio:ns arc ts'ýr~ed, tim formatcion of wcic fumes will te 6i~mi:. [H
M'C~rJi, I,, manot.w-mcln confcrnis !c the lorstilute of Nlake;s ^f Ex'pirosives Fum~e Class I cating.

rqr -iddi tioniz~i reczým mcndýýd grcd. prictic~s md u-ir-sporti.ng ,storivc, handb'irig. andj using duis
P:C(IUCt. co'ruil Ltie :Saf;-v Libiri Publiications of the 11lu~tu- Cc hQ~es .f ExPlOSIVCS,
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TECHNICAL BULLETIN

Enslgi -.!3 ickford

Primadet"
NonelectrIc de'ay detonators

MS SERIES

Precise nonelectric delay
blasthole initiation for all DESCRIPTON ADVATAGES

Nonesi emadet nonelectric delay Slmpb-Fbxtbt Noe P'madet*surface mining, quarries detonators ame comprised of four components are factory assemrbled.

and construction needs. major components. no field cutting and assemblyof initia-A Nonel* shock tube to transmit a sig- bon copoednts ireu edT ey
nal to the delay c Nne s can be readilc and am n
tube is a smallrdiameter plastic lami- to accon alte both basic and
nate tube coated with a very thin complex blast initiation requirmern-
layer of reactive material: onone PMlable Nonel* Primadet none,.
pound of material per 70,000 feet of tric delay detonators am factory
tube. When Initiated, NonePe shock assembled under stringent q"a~iy
tube reliably transmit$ a lo e.nergy specifications to insure, reliable pr

signal at aGl.ly 6500 feet per formene in te fld blast after last.
second from one poin to another. Nonlacti Nonel* shock kte an
This stack wave p-enomnon, which rnot be Initiated by high frequency
is similar to a dust explosion, will radio transmissions static orr
propagate through most sharp elecltcal energy flame, friction orbends, knots and kinks in the tube. Impact fcin in normal mining cond.i-
The detonation is sustained by such a tions, However, blasting caps are far
small quantity of reactive material. more sensiUte to tlwe conditions.
ft cuter surface of ft lub remins Reursnokwigsoflctc
intact during and after functioning. circuitry No need to instruct blasters

A blasting cap wilh integral delay an invicades of electric druti. No
element, need for elaborate training and
A colr-od delay tag which indi- Ofiinlt of bst
cates the MS delay period number Noisless The NonelO PITnadet' ini-

d nominal fiing time. W ton em is quiel. The sgnal
A J HOok go facOftM easy onnec. m- v imugh an Iitiated tube le so
tion to a Nnmacor•d detonating Cor quiett it can be called Noisess.
trunline, rhee white plastic hooks Ecemlm cal The Nonel* Pnmader
are inert system allows for a reduced inventory

mosufting fron the elimination of sloc-
kg vaus lengiths of a complete
delay series

G-4 3
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IMPORTANT INSTRUCTIONS PAKAIN hv :.

Use only factory assembled units. Lengtt, (ft.) Units/case ?bs.)-
Do not knot different lengths of 12 So0 51 -

Noneis shock tube logetthe: 16 400 48 .-

20 300 41Do not trim ultrasonic seals from the 30 200 30-
tue sincetntranc e ofrmoisture ;0 126 28
intofthetube may causemisfires. It 10 3
Never drive any vehicles over 60 iCO 34
Nonelsshock tube. Rupturing or 80 100 39-
damnaging fth tube may also caus 100 75 30W E

mifre.120 75 32
Ue sure all Nonet* shock tube coCn-imnin 2'xI' 2
rrect ions are at right angles to SPECIAL PACKAGE "B'-PACK n gn.ic f r
detonating cord trunklines to pre- IS1O 14 E s --- c fr
vent angle cutoffs. - 12 100 11

meosls sIeadtIt1 18 75 101
Th orPledmutledtote20 50 7

hc~le in a straight fine and be taut. aedmnin 4 2 -7¾' SlfllsbIJT Connecticut 06070
Tie thekotssaht theNoneR
$hock tube leading to the collar - DS AM RSEnsign.licktord Salles Offices:

*does not cimaIn conitact with the
trunidine betwheen the knot and ATTENTION 660 Hoprneactow Street
'7orehole COIl* The information and recommendations Simsbury CT 06070
lace detonating cord trunkline dlesonbed in this bulletin cannot possi- 203/858-4417

hookups in closed loops and use , bly cover every application of the prod-
with crossties. Two pafth of initia- uct or variation of conditions under Post Office Box 322
tion will than be available for each which fte product is used. The recoin- 207 Pine Creek Rd.
Nonels shock tube connection. mendations; herein ame based on th "txford, PA 1509
Never attach the primary initiator to maniufacturer's expeniences, research, 41 2i935.5712
the round or shot until after all th and testing. They are believed tobe
connections hae* been made accurate, but no warranties are made. 620 Perimeter Drive
and the blasting area ha bee express or implied. Also, ft specifica. Site 20 450

ctaa.tions, contained herein amalnonl Lirngton, K 00
raswhich qm~rsent our current W/6-2690

DELAY ~ ~ ~ routin TIME prAIdAct described501WhivtnAeu
DELAY TIMES AVAILABLE may be subject to change. Please feel 51 ahrtnAeu

MS NonatO Primadet* nonelectric free to contac The Engn.Bckford Evansville, IN0 7715
delay detonators are available in th Company for verificationh& 812/476-1329
following delay intervals: NO WARRANTIES OR 10288 V4tst Chatfield Ave.
MS $ose LIABILITIES Suite 209
orange Tubs The prouc esrie herein is sold Uittleton, CO 80127

o-lnstant 8-200 mnsec p g s~wwrijhgjt ny warrantyror guar- 3031972-3213
1. 25 msec 9.250 msec mnta, epress or imolled, animingr by
2- 50 Mslec 10-300 miec law or otherwise, Including without4 fimi. ft WN ""Ir. Downm tco PDCa cou.'u
3. 75 fl1500 11-350 flflc tIstioan gy wSarrSinty of mrerchantabiliy 11111111"_10 woVM wr solosAW m0 Ma.d~
4-100 Miec 12-400 misec or fitness for anyproe Buye and m W= .- A va ft am ON f-n i
5-125 msec 13.450 mec Vser adiee furthe to release and des- WW maof W N A 0QO0.**
8.150 rmme 14-00 ms.=ec charsgalo Wie ae ny NWd soall lablities zV c-m 40VAcm f
7.175 rflsec 15400 rmew Whatsoeve a'in ou' ftep hs

or use of any prdct dscibed herein *IKCW FId m,
whethisr or not auch 11asbility is occa-
sione by seller's I or based
upon strit products= t~or upon
Principles of indemnity or conrbution.

Cm Nonel Pornadsts nonelchic delay
~ft n~e. dson-ators am manufcture under

son* U.S. Patent 0,.590,730, U.S. Patent
03.125.024 and ofter patenits
pendinig

PIT'. :1 IM14
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TWO WAY CONNECTION
1. Select the location in the tnjnkllne ~~3

to insert the MS Connecltor and 35En~sign -Hickfordcut the detonating cord., ~
2. Place the groove of the connector A

block about six inches in from on*
end of the Pinmacord* detonating
cord. The cut end of the trunkline
must come out of the same end of
the block as the Nonel. (Figure 1)

I. Loop the tail back 270) around the
cleat block and lock in place.
(Figure 2)

4. Place the tail over the top of the
block and push down through the PACKAGING hw r&C ra cu O
loop formed on the side, or cut blcSee cddfrElg-cko aesOie;
the tail so it does not come in con- tsiblcsaeclrcddfrEoOkr S"Ofc;
tact with the Nonel tuba. delay times. Each shippinV box con. s.omeowSet

5. Pick up the other end of Primacord laina So MS Connectors. The package N omalwSre
anid connect to the second block in weighs 10 lbs. end measures 1,r X Slmstbutyý CT M670

8. Be manerre the tail of the cord does notPstf ceox9
cnatthe Nonel tube. Pouvestf6@Bx9

DISCLAIMERS 3031798-8825
ATTENTION
The information and recommendations 5011 Washirigtcri Avenue
described in this bulletn cannot pos. LyansviltO,. IN 47715

____________ b~ly Cover every application of the 824612
product or variation of conditions un-der which the product Is Used. Th Post Office Box 322
recommendaftnia herein ane based on Wexford. PA 15090
the manufacturer's experiences, re 412/935-5712
search, and testing. They are believed

- - bo1:0 accurwe. Wu no Warranties arm 5M3 Snapririger Woods Drive
made, expressed or Implied. Also, the Decatur, GA 30035
speCfC rieuons cotained herein are all 404/987-1000
noiniinals which represent our Current
production. The product described 1325 Airmotive Way
may be subject to cihangle. Please feet Reno4 NV 8952
free to Contact The Ensig"ISckford 702/O788722
Company far verifications.

NO WARRANTIES OR ASL" TIES
IMORAN - ISTRUC .iONS The Product described herein is sol TM ~WO P*MMaecr MID P tO ef'.FIX

Do ot ttept b dsasembe te' AS IS Slid witwu any worm"~t or 'ia~0sce 5et PCr.
'delay cap from fth p~as1Ie~o~inicor- guarantee, express or Imnpled, aris"n 3W ing ~fta U e, R t a M.ifrM WAW,icr
~block, or use the c6p by~AlfwlU'ov t bW law or othrwise. Including without P*f- we ro~

Vi boc, .. Ilrritation any warranty of merchant- fiknmiisa M id& we ft 3"l pC~lat G

MS C*lcascolan w abirty or fitness I&r any purpose. Buyer *fhilldUfPri

tand are subject to detonation, caused discharge $01et from any an4 an Ilabil- GVINuru1111111 n
[by abuse kuch as lrlPt4sam!e, e htovraiigoto h u- eu c~ h;..2~.

Va l as. -. *';7; chase or use aanproduct descilbd
Thedonotesfledaril. her~ifi whether or not such lability is ft MI CwwMeW Is mexifuwed widw U.S.

&i 06tf litrnthtuewil' =&Slowa~ wU 'seae'slvieceP

tM3 O~mcwsshoud b Plced. W PM l~ncpla ofindemnity or
clos to the hole being dlydto ;. C rbuin
telimdinate grouind moe~tcutoffs'.
~from Mhe preceding hoa.
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MAGAZINE SPECIFICATIONS

1. High Explosive Magazine:
Type: Type 2 Portable with skids
Dimensions: 6-1/2' X 7' X 8'
Capacity: 11,000 lbs.
Construction: 1/4" steel with interior lining of 2 inches of hardwood,

1-1/2" plywood or particle board.
Ventilation: Adequate
Locks: 2 master locks with 7/16" shackles

2. Detonator Magazine:

Type: Type 2 portable with skids
Dimensions: 6' X 6-1/2' X 7'
Capacity: 13,000 caps (approximately 25 lbs explosive)
Construction: 1/4" steel with interior lining of 2 inches hardboard,
1-1/2" plywood, or particle board.
Ventilation: Adequate
Locks: 2 master locks with 7/16" shackles

3. Anfo Trailer:

Type: Type 4 portable
Dimensions: 8' X 9' X 40'
Capacity: 45,000 lbs
Construction: Standard Semi-Trailer
Ventilation: Adequate
Locks: Immobilized by king pin lock with locking rear doors.

4, Security of Magazines:

As stated above, all magazines will have locks in accordance with ATF
Publication P 5400.7 (11/82) and will be kept locked at all times while
unattended. In addition, warning jings will be posted on all si:des of
the magazine storage location.
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PCL CIVIL CONSTRUCTORS, INC.
Consrruction Snce 

1
90b

December 7, 1989

Serial Letter No.: 061/02219/7

U.S. Army Corps of Engineers
P.O. Box 551
Truth or Consequences, NM 87901

Attn: Mr. Wiley S. Isom, II

Reference: Contract No. DACW47-89-C-0056 (Cuchillo Dam)
Rio Grande Floodway
T or C, NM

Subject: Blasting and Explosive Materials

Gentlemen:

Reference is made to PCL Civil Constructors, Serial Letter No. 052/02219/7 and
specifically your Serial Letter No. 019/02219/7, all ot which addresses the above
subject manner. This letter and the information contained herein will become
part of PCL Civil Constructors General Blast Plan. The items are as follows:

Item 1 - Resumes:

At this time, our drilling and blasting subcontractor, McCaw's Drilling,
Inc. does not anticipate persons other than Mr. Kevin Joe and Gerald McCaw
being the blasters in charge. If for some unforseen condition, another
person is put in charge of the blasting operations that person's resume
and list of qualifications will be submitted to the Contracting Officer.

Item 2 - General Procedures:

There was indeed a typographical mistake made in Paragraph 4b. It should
read "Ensign".

Item 3 - General Procedures:

A new sentence is hereby incorporated into our General Blasting Plan which
reads "No blasting will be performed during the hours of darkness".

P.C. lox Z270. u:h o: Conseluencts. .. 37S mrone 505-74•-•834 Rav.e!ax !C5-742--736

"A EQLUAL OPPC G-56 E*.iPLOYER"



Mr. Wiley Isom
RE: Blasting & Explosive Materials
December 7, 1989
Page 2 of 3

Item 4 - Pre-Split:

Paragraph 1, 2nd sentence after the words "shall be", the following is
hereby inserted:

"24 inches or as approved by the Contracting Officer."

Item 5 - Cushion Blasting:

Pre-split Paragraph 3-C cushion blasting is hereby deleted. The following
is added as Section 6, titled, Cushion Blasting.

SECTION 6 - Cushion Blasting

1. There may be instances where the "Cushion Blasting" technique may be used
instead of the conventional per-split or pre-shear techniques to achieve
wall control. It has been our experience that if there is less than forth
feet of burden in front of the pre-shear holes, inferior results are likely
because of ground movement. Cushion blasting for wall control may be
accomplished by one of the following methods.

A. The pre-split or line holes are fired concurrently with the
production holes but delayed to detonate after the general blast
holes per Section 7-3 of the contract documents.

B. The main cut area is removed prior to blasting the pre-split holes
except for a "cushion" or buffer in front of the neat excavation
line. The pre-split holes are then fired on an instantaneous delay
to achieve the desired smooth wall at the neat excavation line.

Field conditions will dictate which of the above methods will be
used for wall control if the conventional pre-split or pre-shear
methods are not feasible.
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Mr Wiley S. Isom
RE: Blasting & Explosive Materials
December 7, 1989
Page 3 of 3

Pertinent Sections of "The Blasters' Handbook" by the Dupont Company and "The
Blasters's Handbook", by Canadian Industries Limited, depicting both of the
afore mentioned techniques are enclosed for the Contracting Officer reference.

I trust the additional information presented above will adequately address all
of the items requested in Contracting Officers letter. Both PCL Civil
Constructors and McCaw Drilling anxiously await written permission to bring
explosive products onto the project site.

Sincerely,

Thomas R. O'Donnell

( Projert Engineer

TRO: aeo

enclosure
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BLASTERS'
HANDBOOK

Prepared by theS Technical Service Section

Explosives Products Division
E. I. du Pont de Nemours & Co. iInc.)
Wilmington. Delaware 19898
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Controlled Blasting
blast holes the same amount with a 50 per cent reduction in explosives
load. The explosives should be well distributed in the hole using decks
and detonating cord do-nlines.

Line drilling is best suited to homogeneous formations where bed-
ding planes. joints, and seams are at a minimum. Natural planes of
weakness tend to promote shear through the line-drilled holes into
the finished wall. Therefore, thin-bedded. sedimentary. foliated
metamorphic formations are not well suited to line drilling for over-
break control unless drilling can be done perpendicular to the strike of
the formation. This, however, is not practical in most excavation
work.

Figure 22-E shows a typical pattern for line drilling. Best results
are obtained when the primary excavation is removed to within one to
three rows of holes of the neat excavation line. The last row. or rows.
of holes is then slabbed away from the line drill holes using delay caps
or NIS Connectors. This procedure gives maximum relief in front of the
.nished wall. allows the rock to move forward, and creates less back
pressure which could cause overbreak beyond the line drilling.

Line drilling is very limited in application. The only place where it
is - "•licable is in areas where even the light explosive loads as-
so ed with other controlled blasting techniques may cause damage
beyond the excavation limit, or where line drilling is used between
loaded holes to promote shearing and guide the preshear line.

Some of the disadvantages are: (1' unpredictability except in very
homogeneous formations: and 12) high drilling costs because of the
close spacings required.

CUSHION BLASTING
Principle. Cushion blasting - sometimes referred to as trimming.
slabbing, or slashing - was introduced in Canada. Like smooth wall
blasting, a single row of holes is drilled along the neat excavation line.
loaded with light, well-distributed charges, and fired after the main
excavation is removed. Unlike smooth wall blasting. the annular
space in the holes is filled with crushed stone the entire column length,
This "'cushions" the shock from the finished wall as the berm is blasted
and minimizes the stresses and fractures in the finished wall. This
technique is seldom used today because the air annulus around the
small-diameter charges generally produces equal results and reduces
the loading time. The only application for cushion blasting today is in
the situation where large-diameter cartridges are taped on detonating
cord downlines at planned intervals. The cushion holes are fired with
mirnimum delay between holes. This shears the rock web between
holes and yields a smooth wall with minimum overbreak. Detonating
cord trunk lines or instantaneous caps are used to initiate on detonat-
ing cord downlines if noise is a problem.

The fact that the main cut area is removed in cushion blasting

383
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Chapter 22
leaves a minimum buffer (or berm zone) in front of the neat excava-
tion line. The cushion holes can either be drilled prior to any primary.
blasting or by removing the final berm.

The burden and spacing will vary with the hole diameter being
used. The burden-to-spacing relationship will vary with different for-

PRtMACZDRC DOWNLI14E

FINISHED WALL

CHARGE-

4. -

2 TO 3 TIMES CHARGE FT-IN BOTTOM TO INSURE SHEAR AT FLOOR

For maximum cushioning, place charges as close as possible to the excavation side.

*. 384
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Controlled Blasting

mations, but the spacing should always be less than the width of the
berm being removed to obtain maximum shearing between holes.

When a full-length, detonating-cord downline is preassembled by
taping the charges on it, the stemming is added after placement of the
entire charge. In this case sand, crushed stone. or gravel can serve as
stemming provided that it is sufficiently free flowing. Raising and
lowering the downline slightly as the stemming is added will help fill
the space between the cartridges. The top two or three feet of the hole
should be completely stemmed and not loaded. How much top stem-
ming is required will vary with the formation that is being shot.

When cushion blasting around curved areas or corners, closer spac-
ings are required than when blasting a straight section. Guide holes
also can be used to advantage when blasting nonlinear faces.
On 90-degree corners a combination of controlled blasting techniques
will give better results than straight cushion blasting.

In many sedimentary formations where it is difficult to hold a
smooth wall. unloaded guide holes between cushion holes are recom-
mended. Generally. small-diameter guide holes are employed to re-
duce drilling costs.

"Where only the top of the formation is weathered, the guide holes
ne.c to be drilled only to that depth and not to the full depth of the
cu n holes. This procedure is common on the first lift or bench since

CLIS4IP. $OIES/

LINE DRILL "L ES -

CUSMION OlE '- , -.

0 UNLOADED , " EXCAVATED AREA

lE SWEARED SECTION

• •----! ;p LOAM:So UNLAD
MvT AREA/ /

Quide holes can also be used to advantge when blsng nonlinear faces. On W-6 Vs,
owners a cornbination of conwoule blasting techniques will provide beftr reu tS.
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Figure 22-F. Resuats of cushion blasting where guide holWe awe drilled to full deplh.
backbreak is more probable there than on lower benches. Figure 22-F

shows results of a combination of cushion blasting and guide holes
where the latter were drilled to full depth. Figure 22-G shows results
of cushion blasting using smaller diameter holes and unloaded guide
holes.

Cushion blasting in open work has application to inclined and
vertical holes. In both cases good hole alignment is essential.

Figure 22-G. Results of cushion blasting with smaller holes and unloaded guide holes.



Blasters'

Handbook

Describing

Practical Methods of Using Explosives

for Various Purposes

0

Prepared by

TECHNICAL MARKETING SERVICES - EXPLOSIVES

Sixth Edition

CANADIAN INDUSTRIES LIMITED
Explosives Division

MONThF.AL. Ol-
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USE Of EXPLOSIVES FOR SPECIAL PURPOSES

against injury to personnel or damage to equipment or instal-
lations.

Firing. Pre-Shear holes must be fired simultaneously to obtain
the shearing action from hole to hole. Normally the PRIMACORD
do-anline from each hole is connected to a PRIMACORD trunk-
line, then the required number of pre-shear holes is fired with a
blasting cap attached to the end of the trunkline. If the pre-
shearing is being carried out in an area where vibration control is
critical, the pre-shear holes may be fired in groups of sufficient
numbers to obtain the shearing action while not exceeding the
maximum explosives load that may be fired on any one delay
period.

Pre-shearing may be accomplished by shooting the pre-
shear holes ahead of the main excavation or with the primary
blasts. The location of the work will generally dictate which of
these techniques is most applicable.

Pre-shearing ahead of the main excavation is used in the
"solid" such as in highwav cuts, power intake canals, founda-
tions. etc., where it is useful to define the excavation limits before e
any other drilling and blasting is carried out. This method should
not be used, however, if there is less than 40 feet of burden in
front of the pre-shear holes since inferior results are likely be-
cause of ground movement. Under the latter conditions, the
pre-shear holes should be fired with the primary blasts or the
Cushion Blasting technique employed to trim the face after the
primary blasting has been completed.

Pre-shearing with the primary blasts is an essential tech-
nique in side hill cuts on highways or in quarries and open pit
operations where ground movement is likely to occur as a result
of firng the pre-shear holes. Ground movement can make drill-
ing of e primary holes difficult or it can be the cause of inferior
results if the burden on the pre-shear holes has been reduced
to a point that the ground will move during their firing. This
method is also used on many operations because it eliminates a
step in the drill-blast cycle; it avoids drilling and blasting the
pre-shear holes before the main excavation is started. The pre-
shear holes are fired instantaneously, then the holes in the pri-
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CHAPTER Xl1g

co!R B ' .J"' - - ~- r

-ar.Mar

" II •-?-::....hol
det

RELATIVE COUPLING anc
OR ENERGY DENSITY sta

Fi1. 296 Principles of wall control to protect a Pre-Shear face. per

mary. blasts follow, delayed on later firing periods to the open
face retreating towards the pre-shearing.

Precautions should be taken to guard against cut-offs in the
row of holes immediately in front of the pre-shear face when tior
using this method of firing since ground movement can be severe a s
in this area in blocky, ground. The aforementioned row of ex:'
primary, holes should be top and bottom primed to provide be
adequate insurance against the possibility of cut-affs. ma

Protection of the Pm-Shear Face. Several steps can be taken to Ni:
improve both pre-shearing results and the pre-shear face during pos
removal of the primary excavation. gly,

Normally a fillet or wedge is left at the toe of the pre-shear ade
face. This can be reduced to a minimum by drilling the row of be
primary holes in front of the pre-shear face at the proper dis- con
tance from it. This procedure will also protect the pre-shear face
since the latter could be destroyed if the primary, holes are placed E.E

too close. Conversely, if too great a burden is placed on the it is
primary holes, a "monument" could result, presenting a dan- huhe
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PCL CIVIL CONSTRUCTORS, INC.
Construclon Since 1906 )

December 15, 1989

Serial Letter No.: 081/SC-24

U.S. Army Corps of Engineers
P.O. Box 551
Truth or Consequences, NM 87901

Attn: Mr. Wiley S. Isom, II

Reference: Contract No. DACW47-89-C-0056 (Cuchillo Dam)
Rio Grande Floodway
T or C, NM

Subject: Quality Control Representative )

Gentlemen:

PCL Civil Constructors, Inc. is submitting for your approval, Mr. Kevin Joe, of
McCaw Drilling and Blasting, as Quality Control Representative for drilling and
blasting on the Cuchillo Dam Project. Mr. Joe will be under the direction of
the Quality Control Systems Manager to assure all drilling and blasting complies
with the requirements on the contract plans and specifications. See attached
resume for Mr. Joe's qualifications.

Sincerely,

Thomas R. O'Donnell
Project Engineer

MBB:deo
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PCL CIVIL CONSTRUCTORS, INC.
* -~~ Carfiaunton Since 19O%

Febrularv 16, 1990

U. S. Arml.' (7orp7 (it EngiileerE

Truth or Coiisequeflc--& N71 $7901

Att1 o"1'7,

G- t Iellf~n

Rofprov'ice i6 fttade to PCL Civil COlnst rut q: r-ri.a let ter nio. O2O2~
D~eI':1 1~,wl-ich1 tjra~isj*i t t~ c~jl our eitera] Bl ast Fla!) to) the Clopt ia"rJop

Of f i vrr . P'7L C'ivil floist ructorf- hereby~ r [eT1,tS that the enclosed 'corr.-spoud~ew~e
r or. 1v ý'-V D Ii 11 i n ( 'c A I ±I" 01pora t ed in1to Oilr all n

Proje~ct Engineer

P.O. Ion 2270. Ituth or Consqueiws, UN.M duplee. 506-743-7034 Rmpldfam 105-743-7030
*AN EQUAL 0106 ny EMPL.OYER"



PCI ONvi 0.-neltrutCoun
~~;ic~~hi13cA -'- 14'gr Dm io)
iruth~FA (4 03)e~e~ca Niwý e4xi10

PulTuaJT15] M. T.990 nrj

D~ear Sirs;

R)E: Qu~lity Control ReJprfverntative 141 Charge

In the~ evcnt of my ab!;(n;-r fro.a¶! sito my r ~~~wil) be Mr.
*.e.'n ~tx~~o.Mr. 5teven~on h.~s brŽ-n with: vu firm friv oer
te~r; yetar avid his& worketd in every cap.zi::4.-y froyr. drill3n9j in

Dipanj i ýt five ycars, Mr. Steverisorn has SupeIrviseld ~iiill
Ai-id hlas~t. crewu .-if up~ to forty rfen v'n * .sdri3 1 and l~~:

.'j~ ac~ross Canada iricluiviin pipe~iners, highway~s, quarriv%

N* 3-twetn~ h~s wi-dke-2 nostly 3*f Onitc-rin inds Oke- NortI-.iear
re'itcie~durinag thce past. five yearsi. A Haniter' cztbfi~t

I dr.' ennInFi-,i- Mr. Steveiiuon'%' Iorthwe'sl re~rritories b1--ostinci

'f..c have &ny qucsttio.ns ot cominrflits youJ May~ conta.ct mr- at. the

Yot~ra very truly,

Me .7AW'S D'I1LT.I'%%G (IlSPO , INC.

wJ'(WXL# kM't
Viin Joe)

Qu~tI ly Zont-rtc Rprerf.#ntal ~ve
I)23 IJ 3f(ja rtd rh. IAt ing

NJ i I dh
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Reference: C'eA// 0  ,.- Date: -•-,--/.9

By: ,/.-j

Drilling & Blasting Ltd. Sheet • of
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Reference: c,, ,//0 , , Date: -, -¶o

SBy: /-

Drilling & Blasting Ltd. Sheet r of
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By: /'-J -
Drilling & Blasting Ltd. 'fSheet • of
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/ PC BOX 225C
RCCKY MCUNTAJN MOUSE ALBERTA TOM ITO

PHCNEE 845-3101 FAX. 84Z-64.10
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ROCK TvPE TOTAL POWCER LOS. RCCX IN-PLACE , PCWDER FACTOR
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WATER IN HOLES DRILL REPORT INDIVIDUAL HOLE LOADINGS ON BACK, IF REQUIRED.
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CAPS' T-GT -EAC-

II I__ _ _ _i '

Ik- 1 1-'

"*---- -. ... .. . ...
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ROCK TYPE TOTAL POWDER LBS. RCCK IN-PLACE C.Y. POWDER FACTOR41:1,/ , le K, l'o• 1•"3• -3 Z_
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LOADING $TR LOADING FINISH( TIM§ AND OATE F) REO V GNA TURE
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Seismograph Records and Selected Readouts



S~DEC ,51990

PCL CIVIL CONSTRUCTORS, INC.
Constructron Since ?906

December 3, 1990

Serial Letter No.: 543/FAR 52.243/4

U.S. Army Corps of Engineers
P.O. Box 551
Truth or Consequences, NM 87901

Attn: Mr. Wiley S. Isom, II

Reference: Contract No. DACW47-89-C-0056 (Cuchillo Dam)
Rio Grande Floodway
T or C, NM

Subject: Change Item No. 24: Remove Differing Site Condition Material
Corps File No. "C-37"
Seismograph Calibratiu:. Ciý'iricates

Gentlemen:

Enclosed please find copies or LIh -'-e Ificates of Calibration for the three (3)
ceismographs presently being employed in the prosecution of the aforesaid subject
change.

Should any questions arise concerning this above please contact the undersianed
at this office.

Sincerely,

Thor;,as R. O'Donnell
Project Manager

P.O. Sox 2270, Truth or Con•a•oqences, N.M. 37901 Telephone 505-743-7034 Rapldfaz 505-743-7836

"AN EQUAL OPPORTUNITY EMPLOYER"
G-123
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CUCHILLO DAM PROJECT
BLAST #C37-8

11 DECEMBER 1990
BLAST SEISMOGRAPH MONITOR REPORT

1. HIGH LEVEL OUTLET WORKS 8 FEET FROM BLAST.

PVS - PEAK VECTOR SUM (VIBRATION) = 1.72 in/Fsc.

ENERGY RATIO - VERTICAL = 0.0107
ENERGY RATIO - TRANSVERSE = 0.0018
ENERGY RATIO - RADIAL = 0.0030

2. LOW LEVEL OUTLET WORKS 160 FEET FROM BLAST.

PVS - PEAK VECTOR SUM (VIBRATION) = 0.08 in/sec.

ENERGY RATIO - VERTICAL = 0.000000003
ENERGY RATIO - TRANSVERSE = 0.00000244

ENERGY RATIO - RADIAL = 0.00000216

G-138
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CUCHILLO DAM PROJECT
BLAST #C37-16

3 JANUARY 1991
BLAST SEISMOGRAPH MONITOR REPORT

1. HIGH LEVEL OUTLET WORKS 32 FEET FROM BLAST.

PVS - PEAK VECTOR SUM (VIBRATION) = 0.58 in/sec.

ENERGY RATIO - VERTICAL = 0.00027
ENERGY RATIO - TRANSVERSE = 0.00156
ENERGY RATIO - RADIAL = 0.00763

G-14 6
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CUCHILLO DAM PROJECT
BLAST #C37-20

11 JANUARY 1991

BLAST SEISMOGRAPH MONITOR REPORT

HIGH LEVEL OUTLET WORKS 32 FEET FROM BLAST.

PVS - PEAK VECTOR SUM (VIBRATION) = 0.49 in/sec.

ENERGY RATIO - VERTICAL = 0.00038
ENERGY RATIO - TRANSVERSE = 0.00044
ENERGY RATIO - RADIAL = 0.00081
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CUCHILLO DAM PROJECT
BLAST #C37-21

12 JANUARY 1991
BLAST SEISMOGRAPH MONITOR REPORT

1. HIGH LEVEL OUTLET WORKS 32 FEET FROM BLAST.

TRIGGER LEVEL WAS NOT EXCEEDED DURING MONITORING INTERVAL.
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CUCHILLO DAM PROJECT
BLAST #C37-22

14 JANUARY 1991
BLAST SEISMOGRAPH MONITOR REPORT

1. HIGH LEVEL OUTLET WORKS 120 FEET FROM BLAST.

PVS - PEAK VECTOR SUM (VIBRATION) = 0.09 in/sec.

ENERGY RATIO VERTICAL = 0.00424
ENERGY RATIO - TRANSVERSE = 0.00059
ENERGY RATIO - RADIAL = 0.00092

G

S~G-154



I-

x Q Is,

(C ul

__________________________________ t

r\r

Cn r'n~ a, '- C) N

w oX

.0 d \ .W

.. , If) w 1 m

m 10 u \ U) - ____________ --

r- .' CLDC QýI La



f-0

G-15



LC L

LULiC

LUu



CC

OK2
Cr. -al

U Li,

L7i

c N-c
Za



DISCLMiMEI NOTICE

THIS DOCUMENT IS BEST

QUALITY AVAILABLE. THE COPY

FURNISHED TO DTIC CONTAINED

A SIGNIFICANT NUMBER OF

PAGES WHICH DO NOT

REPRODUCE LEGIBLY.


